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ABSTRACT 
The problem of fish-eating birds was widespread at Scottish fish 
farms. Grey heron (Ardea cinerea), Cormorant (Phalacrocorax carbo), 
Shag (Phalacrocorax aristotelis), Coosander (Mergus merganser) and 
Red-Breasted Merganser (Mergus serrator), the principal species 
implicated, were studied in an area on the west coast of Scotland 
from September 1985 to August 1987. Data were also collected from 
farms in south Argyll, Highland and Tayside Regions. 
Herons visited both pond farms, taking fish in the shallows, and 
cages, taking fish through top nets. Fish were either eaten or 
dropped, the resulting wounds often making them unmarketable. Birds 
tended to arrive at cages during the hours of darkness, selecting 
those cages containing fish weighing less than 300g and taking fish 
swimming close to the surface. These fish were generally smaller 
than the majority held in the cage. Adults were aggressive towards 
first-years who had a lower feeding success. However, both age 
classes increased their food intake rate by feeding at fish farms. 
In some cases this increased food supply appeared to influence 
breeding, allowing birds to lay earlier, produce larger clutches and 
larger broods surviving to fledge. Such increased production was 
offset by widespread persecution. Between 1069 and 1936 birds were 
estimated to he killed annually, of which c.14% were adult, but it 
was considered unlikely that this reduced the overall Scottish 
population. 
iv 
Cormorants visited marine and freshwater cage farms, particularly 
during the winter. In freshwaters they may have been attracted by 
large numbers of escaped rainbow trout living in the waters adjacent 
to cages. Underwater attacks could cause considerable damage to 
fish in cages, but birds did not remove fish from them. Anti-
predator nets reduced this damage, but were not totally effective. 
Between 410 : and 1268 i birds were estimated to be killed annually, and 
as 25% were adult, the Scottish population could have been affected. 
Shags may have been attracted to marine cages by the large 
concentrations of wild fish living in adjacent waters. Juveniles, 
but not adults, had an increased food intake rate fishing close to 
farm cages when compared with elsewhere. There was almost no 
evidence of damage to stock and persecution was therefore un-
warranted. Between 1229 and 2705 birds were estimated to be killed 
annually, but almost all were juveniles and it was unlikely that 
such persecution reduced the Scottish population. 
Goosanders were a problem at a few sites during the spring. Gulls 
and crows scavenged dead fish and fish food opportunistically, while 
other species which visited farms caused no problems. 
Losses to fish-eating birds were small in comparison to other forms 
of fish mortality and represented only a small fraction of a farm's 
running costs. 
V 
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CHAPTER 1 
INTRODUCTION 
This chapter outlines previous studies of avian predators at fish 
farms throughout the world, describes the Scottish industry, the 
distribution of farms and that of the bird species implicated in 
predationThe aims of the study are given and the study area and my 
overall approach to carrying out the work are described. 
Questionnaire returns are analysed and conclusions drawn. Finally 
the food availability and weather, which both varied dramatically 
during the two years of field-work, are described. 
1.1 Fish Farming and Piscivorous Birds 
Fish farm systems can be classified in terms of the holding 
facilities used: ponds are the most common on a global scale, but 
concrete raceways (long, rectangular artificial 'ponds') and tanks 
of various shapes, sizes and materials are also used. These are fed 
individually from an abundant water supply - usually a river, 
although a few farm's pump sea water to shore-based facilities. In 
cage culture fish are reared in an enclosed mesh or netting 
structure supported by a floating collar, and cages can he moored in 
either fresh or saltwater wherever the water is deep but sheltered. 
I defined cages in the sea and tanks or ponds with sea water pumped 
ashore as 'coastal' farms while cages on freshwaters or those on 
rivers and streams were 'inland' farms. 
I 
Piscivorous birds have long been known as predators at fish culture 
operations. For instance in the United States, Lagler (1939) 
reported many piscivorous predators - birds, reptiles and mammals - 
at raceway and pond farms and Schramm et al (1984) considered the 
Florida double-crested cormorant (Phalacrocorax auritus floridanus) 
to be a serious predator of pond-held channel catfish (Ictalurus 
punctatus). Mott (1978) reviewed several methods of reducing bird 
predation at pond and raceway systems, while predation has been 
studied at fish ponds in Israel (Spanier 1980), in Belgium (Draulans 
and van Vessem 1985a), The Camargue (Hafner 1984), Holland (Osieck 
1982, Moerbeek et al 1987) and Britain (Meyer 1981a,b, Cadbury and 
Fitzherberg-Brockholes 1984). Probably because of the relative 
infancy of the industry, comparatively little work has been carried 
out on the piscivorous bird problems at Scottish fish farms and in 
particular those arising from the intensive culture of salmonids in 
cages. 
The Scottish fish farming industry began in the mid 1960's and 
pioneers in its development were Marine Harvest, a subsidiary of 
Unilever, who established the first seawater farm at Lochailort, 
near Fort William, in 1965. For many years Atlantic salmon (Salmo 
salar) had been successfully grown up to the smolt stage in 
freshwater hatcheries and subsequently released into the wild. 
Unilever Research developed a method of rearing young fish and 
established methods of recognising the physiological changes in 
kidney and gill function that would allow smolts to he transferred 
from fresh to salt water at the correct time, with a very high 
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survival rate. Later, work concentrated on methods of penning the 
hatchery-reared salmon in the sea, growing them to maturation and 
combating disease and external parasites. Over the next 20 years 
several species of fish were successfully farmed experimentally in 
Scotland but on a commercial level salmonid culture dominates the 
Scottish industry, Atlantic salmon being the main species farmed 
with trout coming second - predominantly rainbow trout (Salmo 
gairdneri), but also brown trout (Salmo trutta). 
The Department of Agriculture and Fisheries for Scotland (DAFS) has 
surveyed the Scottish fish farming industry since 1979 and produced 
figures for the annual production of salmon and rainbow trout (Fig 
1.1). In 1986, the production of salmon was 10 337 tonnes. This 
compares with the legal wild salmon catch of 1 000 tonnes. In the 
same year Norway produced about 40 000 tonnes of farmed salmon. The 
dramatic increase in Scottish farmed fish production has been due at 
least in part, since 1983, to selective grant aid from the EEC in 
the form of the Integrated Development Plan for the Western Isles. 
Scotland has a large potential for fish farming and estimates for 
1987 are for salmon production of 14 000 tonnes with a retail value 
of £100 million, rising to a figure of over 22 000 tonnes in 1988. 
1.2 Fish Farm Distribution and The Problem Species Implicated. 
Scottish salmon farms are located almost entirely on the west coast 
north of the firth of Clyde and in the Western and Northern Isles 
(Fig 1.2). Many of these farms also produce rainbow trout but farms 
producing solely rainbow trout are located in central and southern 
3 
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Fig. 1.1 	The annual Scottish production of farmed Atlantic salmon 
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Scotland. 	Grey 	heron 	(Ardea 	cinerea), 	cormorant 
(Phalacrocoraxcarbo) and shag (Phalacrocorax aristotelis) are 
considered the main avian pests (Anon 1980) and as there is a large 
overlap between their breeding (Sharrock 1976) and wintering (Lack 
1986) distributions and that of Scottish fish farms, there is much 
scope for conflict. 
1.3 Study Aims 
The present study was undertaken from October 1984 to September 	- 
1987. Its aims were: 
to identify the species of birds causing problems 
to determine the seasonality, if any, of these problems 
to investigate bird behaviour at farms and demonstrate the 
timing and manner of predation 
to quantify the damage done by bird predators 
to assess the impact of fish farming on the bird predators 
themselves 
to devise methods of preventing predation. 
1.4 Overall Approach 
(a) At the beginning of the study a questionnaire was sent out to 
every known fish farm operating in Scotland. I gleaned addresses 
from the National Farmers' Union of Scotland Fish Farming Group, 
Scottish Salmon Growers' Association, DAFS, telephone directories, 
'Fish Farmer' magazine, newspapers and other publications. 
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In the study area, I watched feeding birds and collected data 
on the number and age of birds exploiting farms, the methods and 
timing of predation, the effectiveness of existing methods of 
predator exclusion and the quantity of fish both eaten and damaged. 
Losses to birds were quantified both in numerical and financial 
terms. 
I attempted to discover why birds used fish farms, how the 
presence of farms influenced the ecology of birds by acting as a 
source of food and the implications of predator control measures for 
the birds. Therefore birds were observed in the natural habitat and 
data collected on their numbers, age structure and feeding habits. 
The breeding of herons was also studied. 
Data were collected from farms throughout Scotland (where 
staff replied to the questionnaire) to test whether seasonal trends 
observed in the study area were occurring outwith it. Birds killed 
at farms were collected for examination when and wherever possible. 
1.5 Study Area Description 
The study area was bounded to the north by the north shore of Loch 
Creran, to the east by the roads A828 to Barcaldine, B845 to 
Taynuilt and the A85 to its junction with the A819, and then down 
the east shore of Loch Awe to Ford. The southern boundary was 
roughly a straight line from Ford to the western coast of Seil 
Island. Finally, the western boundary was the western mainland 
coast, including the islands of Seil, Kerrera, Eilean Mor 
and Ellean Beag in Loch Etive and the island of Eriska in Loch 
Creran, before rejoining the north shore of Loch Creran at Port 
Appin (Fig 1.3). The total area was approximately 74 500 ha and 
including the sealochs Creran, Etive, Feochan and Melfort. Only 
part of Loch Etive, from Dunstaffnage to Bonawe, was including due 
to its large size. Much of the land was heather moorland or blanket 
bog and apart from Loch Awe (3 900 ha), the remaining standing 
freshwaters were at mid-altitude (150 - 350m asi) and generally 
oligomesotrophic with very low productivity and little emergent 
vegetation (Broad et al 1986). The study area contained breeding or 
wintering populations of herons, cormorants and shags as well as 
some goosanders (Nergus merganser) and considerable numbers of 
mergansers (Mergus serrator), two other species thought to be 
possible predators at fish farms. There were 12 working fish farm 
sites within the area (Fig 1.3, Table 1.1) and as all were cage 
sites, data on pond and raceway systems were collected from farms on 
the rivers Earn and Almond in Tayside and the River Aray, south 
Argyll. 
Fig. 1.3 	The Argyll study area (within dotted line), showing the 
position of: 1 - Loch Creran, 2 - Loch Etive, 3 - Loch 
Feochan, 4 - Loch Melfort, 5 - Loch Awe, 6 - River Avich, 
7 - River Nant, 8 - River Awe, 9 - Loch Sell, 10 - Loch 
nan Druimnean, ii - Oude Reservoir, all fish farm sites 
(i), and the transect route ( 	). 
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Table 1.1 Details of the fish farms within the study area. 
FISH SPECIES 
NO (%) OF FARMS 
IN STUDY AREA MARINE FRESHWATER 
Salmon 3 	(25) 3 	(100) - 
Rainbow trout 
& salmon 3 	(25) 3 	(100) - 
Rainbow trout 4 	(33) 1 	(25) 3 	(75) 
Salmon smolts 2 	(17) - 2 	(100) 
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1.6 	Analysis of Questionnaire 	Returns (With Reference to the 
Current State of the Scottish Fish Farming Industry and its 
Perception of the Piscivorous Bird Problem) 
A total of 159 questionnaires was sent out. 	This was later 
estimated to be about 78% of all active Scottish fish farm sites. 
Eighty one (51%) replied, compared to only 12% replying to letters 
sent out by the Royal Society for the Protection of Birds (RSPB) to 
farms in England and Wales (Meyer 1981a,b), thus providing a far 
more comprehensive coverage than the only other Scottish survey of 
fish farm predators (Anon 1980). Great care is needed when 
analysing questionnaire returns as there is no guarantee that in 
replying, farmers would provide accurate data or even be truthful. 
None of the data obtained were tested by independent means so the 
results from questionnaire returns are presented, not as an accurate 
record of what occurred, but as an indication of the industry's 
perception of the bird problem. 
(a) Fish Farm Data 
Sites from which data were obtained were representative of farm 
size, geographical spread and culture technique of the industry in 
Scotland. The data in Table 1.2 were based on a sample of 76 farms. 
Two-thirds of these were from staff willing to have their sites 
studied as part of this project. 
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Table 1.2 Breakdown of the 76 farms providing data via 
questionnaire returns. Five farms were 'inactive' 
FARM SITE FEATURE NO (%) 
SPECIES FARMED: 	Salmon only 50 (66) 
Salmon & Rainbow trout 6 (8) 
Rainbow trout only 20 (26) 
CULTURE METHOD: 	Marine Cages 37 (49) 
Coastal - landbased 19 (25) 
Freshwater cages 9 (12) 
Inland - landbased ii (14) 
ANNUAL PRODUCTION: 	0-20 tonnes 30  
21-50 tonnes 16 (21) 
50+ 	tonnes 30  
FARM AGE: 	 0- 5 years 43 (57) 
6-10 years 22 (29) 
11-15 years 7 (9) 
16-20 years 4 (5) 
LOCATION: 	Coastal - saltwater 56 (74) 
Inland - freshwater 20 (26) 
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(b) Bird Species Implicated 
Of the 76 replies, 64 (84%) were from farmers claiming their sites 
had a problem with piscivorous birds. Herons, cormorants and shags 
were the most commonly reported .predators, but several other species 
were mentioned (Table 1.3). 
These data were subdivided according to the fish farmed (Table 1.4). 
Seventy six percent (n = 38) of salmon farms reported a bird problem, 
with cormorant the most common predator, followed by shag, heron and 
gulls. Guillemot, hooded crow, dipper, little auk and common gull 
were each reported at less than 4 salmon farms. All rainbow trout 
farms (n = 20) had a bird problem and the heron was the most common 
predator, followed by cormorant and gulls. Shag, kingfisher, black-
headed gull, osprey, goosander, crow, wren, red-breasted merganser, 
guillemot, great northern diver and tern were each reported at 3 or 
less trout farms. Finally, at salmon and trout producing farms (n 
6), all with a bird problem, heron and cormorant were the most common 
predators, followed by shag at three farms and herring gull, tern, 
black-headed gull and carrion crow each at single farms. 
Analysis by farm location (Table 1.5) showed that 77% of coastal 
farms (n = 37) reported a bird problem, with cormorant the most 
common predator, followed by shag, heron and gulls. Guillemot, 
hooded crow and little auk were each reported at less than 3 farms. 
All inland farms (n = 27) had a bird problem. The heron was the 
commonest predator, followed by cormorant and gulls. Kingfisher, 
black-headed gull, osprey, goosander, tern, guillemot, dipper, common 
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Table 1.3 	Bird species and the number (and percentage) of fish 
farms where they were regarded as a problem. Data from 
64 farms. 
BIRD SPECIES 
NO (%) OF FARMS 
WHERE BIRDS WERE 
REGARDED AS A PROBLEM 
Grey heron (Ardea cinerea) 46 (72) 
Cormorant (Phalacrocorax carbo) 42 (66) 
Shag (Phalacrocorax aristotelis) 30 (47) 
'Gull' (Larus spp) 11 (17) 
Guillemot (Uria aalge) 4 (6) 
Black-Headed Gull (Larus ridibundus) 3 (5) 
Kingfisher (Alcedo atthis) 3 (5) 
Hooded Crow (Corvus corone corvix) 2 (3) 
Carrion Crow (Corvus corone corone) 2 (3) 
'Tern' (Sterna spp) 2 (3) 
Goosander (Nergus merganser) 2 (3) 
Osprey (Pandion haliaetus) 2 (3) 
Herring Gull (Larus argentatus) 1 (2) 
Common Gull (Larus canus) 1 (2) 
Great Northern Diver (Gavia immer) 1 (2.) 
Red-Breasted Merganser (Nergus 
serrator) 1 (2) 
Wren (Troglodytes troglodytes) 1 (2) 
Dipper (Cinclus cinclus) 1 (2) 
Little Auk (Alle alle) 1 (2) 
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Table 1.4 	The commonest avian predators in relation to the fish 
farmed. The figures indicate the number of farms, 
those in brackets are percentages. 
BIRD 
SPECIES SALMON (n = 38) TROUT (n = 20) 
SALMON AND 
TROUT (n = 6) 
Heron 22 	(58) 20 	(100) 4 	(67) 
Cormorant 27 	(71) 11 	(55) 4 	(67) 
Shag 24 	(63) - 	 - 3 	(50) 
Gulls 6 	(16) 5 	(25) - 	 - 
Table 1.5 The commonest avian predators in relation to 
farm location. The figures indicate the number 
of farms, those in brackets are percentages. 
BIRD 
SPECIES COASTAL (n = 37) INLAND (n = 27) 
Heron 18 	(49) 27 	(100) 
Cormorant 29 	(78) 13 	(48) 
Shag 28 	(76) - 	 - 
Gulls 5 	(14) 6 	(22) 
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gull, crow, wren, red-breasted merganser, great northern diver and 
herring gall were each reported at less than 3 farms. 
Shooting Policies 
Half of the 64 farmers with a problem admitted to shooting birds to 
protect their stock, 39% did not shoot and 11% provided no 
information on their shooting policy. There was no significant 
difference between inland and coastal sites (X2 = 0.29, df = 1, 
NS)(Table 1.6). Ten inland and 9 coastal farms claimed to have a 
DAFS licence to do so, yet licences were not issued to any marine 
sites. These discrepancies highlight the inconsistencies in 
voluntary questionnaire data as well as the confusion surrounding 
the licencing system at the beginning of this study. The 32 farmers 
who shot birds claimed to kill 185 - 238 herons, 418 - 439 
cormorants, 432 - 453 shags and 110 - 180 gulls in an average year. 
Coastal farms accounted for all the shags shot, about half the 
cormorants, about 20% of the herons and only about 10% of the gulls. 
The severity of the problem 
The largest proportion (34%) of farmers perceived their problem to 
he moderate, followed by small (307.), large (22%) and very minor 
(14%). For analysis, 'very minor' and 'small' were classed together 
and compared with 'moderate' and 'large' which were also combined. 
Farm ages were grouped into 5-year classes (Table 1.7) and for 
analysis, those aged up to 10 years were compared to those over 10 
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Table 1.6 	The number of coastal and inland fish farms where 
staff claimed either to shoot, or not to shoot, 
birds. 
FARMS CLAIMING FARMS CLAIMING 
FARM LOCATION TO SHOOT BIRDS NOT TO SHOOT BIRDS 
Coastal 17 16 
Inland 15 9 
IL;' 
years old, and no relationship was evident between farm age and the 
farmer's perceptions of the bird problem (X 2 = 0.10, df = 1, NS). 
Likewise, no relationship was apparent between farm size and 
farmer's perceptions of the bird problem (X 2 = 0.02, df = 1, NS) 
when farms with an annual production of less than 50 tonnes were 
compared with those producing more (Table 1.8). 
No difference was apparent between salmon farmers and trout farmers 
in their perception of bird problems (X 2 = 3.12, df = 1, NS) nor 
between those with either tanks/ponds or cages (X2 = 1.82, df = 1, 
NS) (Table 1.9). However, farmers at inland sites perceived their 
problems as being more serious than those at coastal sites (x2 = 
6.32, df = 1, P < O.05) (Table 1.10). 
All but one of 27 tank and pond farms had some netting protection. 
The largest proportion (44%) of these farmers perceived their 
problem as being moderate, followed by large (30%), small (19%) and 
very minor (7%). Of the 48 cage farms, 77% used both top nets and 
underwater predator nets, while 23% used only top nets. The largest 
proportion of cage farmers with both nets perceived their problem to 
he small, while the largest proportion of those with only top nets, 
and no underwater protection, perceived their problem to be moderate 
or large (in equal numbers). No difference was apparent between a 
farmer's perception of the bird problems at farms with both types of 
netting ('protected' farms) and those with only top nets ('under-
protected' farms) (X2 = 2 . 7 3, df = 1. NS). However, all farmers at 
Table 1.7 	The severity of a farmer's perceived bird problem in 
relation to the age of the farm Percentages in brackets. 
AGE OF FARM SEVERITY OF PROBLEM  
(YRS) V/MINOR SMALL MODERATE LARGE 
0 - 	5 6 	(18) 12 	(36) 10 (30) 5 	(15) 
(n = 33)  
6 - 10 3 	(14) 4 	(18) 10 (45) 5 	(23) 
(n_=_22 ) 
11 - 15 - 1 	(20) 2 (40) 2 	(40) 
(n= 	5) 
16 - 20 - 2 	(50) - 2 	(50) 
(n =_ 4)  
Table 1.8 	The severity of a farmer's perceived bird problem 
in relation to the annual production of the farm. 
Percentages in brackets. 
ANNUAL 
PRODN. (T) 
SEVERITY OF PROBLEM  ________ 
V/MINOR SMALL MODERATE LARGE 
O - 20 5 	(20) 
(n_=_25)  
6 	(24) 9 	(36) 5 	(20) 
21 - 50 2 	(17) 
(n = 12)  
4 	(33) 3 	(25) 3 	(25) 
50+ 2 	(7) 
(n=27)  
9 	(33) 10 	(37) 6 	(27) 
Table 1.9 	The severity of a farmer's perceived bird problem 
in relation to the fish species farmed and the 
type of farm system. Percentages in brackets. 
FISH SPECIES FARM SYSTEM 
SALMON TROUT POND/TANK CAGE 
(n=14) (n=20) (n=28) (n=36) 
V/Minor 8 	(18) 1 	(5) 2 	(7) 6 	(17) 
Small 15 	(34) 4 	(20) 6 	(21) 13 	(36) 
Moderate 14 	(32) 8 	(40) 13 	(46) 9 	(25) 
Large 7 	(16) 7 	(35) 7 	(25) 8 	(22) 
Table 1.10 	The severity of a farmer's perceived bird problem in 
relation to the location of the farm. Percentages in 
brackets. 
COASTAL INLAND 
V/Minor 7 	(19) 1 	(5) 
Small 14 	(38) 5 	(18) 
Moderate 11 	(30) 12 	(44) 
Large 5 	(16) 9 	(33) 
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under-protected farms had a bird problem while 26% of those at 
protected farms had no problem at all and the former reported killing 
more herons, cormorants, shags and gulls (X 2 = 28.7, df = 3, P < 
0.001) (Table 1.11). On average, under-protected farms accounted for 
70% more heron deaths, 81% more cormorant deaths and 9% more shag 
deaths than protected farms. 
1.7 Conclusions 
Questionnaire analysis raised several questions I could attempt to 
answer. They again showed herons, cormorants and shags to be the 
most commonly reported predators, but also implicated many other 
species. Were these really predators or were they just seen in the 
vicinity of farms? The little auk was very probably a case of mis-
identification and was more probably a black guillemot. This 
suggested possible identification problems. Confusion often appeared 
to arise between cormorants and shags and it may not be wise to rely 
solely on bird identification by farmers. Persecution seemed 
widespread with considerable numbers of birds being killed per year 
at some farms. By keeping careful records at several farms I would 
be able to check the accuracy of the figures given in questionnaire 
returns. The only aspect which seemed to influence a farmer's 
perception of the bird problem was the location of the farm. Those 
inland perceived greater problems than those on the coast. Inland 
farms may experience more predation for several reasons. A higher 
proportion of them are pond farms - which may be harder to protect. 
There may be higher cormorant pressure in winter as birds disperse 
inland. Some freshwater is likely to freeze in cold weather and 
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Table 1.11 	The number of birds claimed to be shot per year at 
'under-protected' farms (n = 9) and 'protected' farms 
(n = 10). 
'UNDER-PROTECTED' 'PROTECTED' 
Heron 56 10 - 	55 
Cormorant 249 - 259 113 - 168 
Shag 252 - 262 230 - 240 
Gull 10- 	30 - 
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birds may be attracted to farms. 
Netting seemed to be an important factor in cage farmer's perception 
of the bird problem. The increased diving bird deaths at under-
protected farms must be related to the farm's lack of underwater 
protection, but farmers at these sites also killed more herons and 
gulls than those at protected sites. Gulls are not normally 
predators of fish stocks, but do feed at sites where even small 
numbers of dead fish or amounts of spilled fish food are allowed to 
accumulate or where food is not stored undercover. It seems likely 
that some farmers, through a less than optimal management policy, may 
be more vulnerable to predation than others, or at least perceive 
their bird problem to be greater. 
1.8 Food Availability 
Juvenile saithe (Poilachius virens) and cod (Gadus morhua) are 
abundant in the inshore waters of the west of Scotland (Gordon and De 
Silva 1980) and the sealochs may be important nursery grounds for 
clupeoids and gadoids (Gordon 1981); sprat, herring, saithe and cod 
populations here are dominated by the 0-group (first-year fish) (De 
Silva 1973, Cordon and De Silva 1980). These fish stocks are thought 
to be exploited by many piscivorous predators including those bird 
species covered by this study. However, food availability may vary 
greatly between seasons. In 1984 and 1986 seine netting carried out 
by the Scottish Marine Biological Association (SMBA) at several sites 
on Loch Etive and Ardmucknish Bay resulted in many hundreds of small 
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fish, including herring, sandeel, saithe and cod, being caught. 
However, a similar number of hauls made during 1985 caught no 
herring, saithe or cod and only 17 sandeels (R N Gibson pers. comm.). 
1.9 The Weather 
The weather, as recorded by SMBA, during the 2 years of fieldwork was 
quite different. The 1985/86 winter was colder and drier than usual 
for north Argyll. February was the coldest month of thewinter, 
ground frost being recorded on 23 days and small amounts ofsnow 
falling on 7 days, while the mean daily minimum temperature for the 
month was -1.90C. February was also the driest month since records 
began (in 1971). The 1986 spring was persistently wet and cold, over 
twice the average rainfall was recorded in March and it was a colder 
than average April. During May over 3 times the normal amount of 
rain fell, being measurable on 26 days, while the average daily 
maximum temperature was almost 2 degrees lower than the mean for the 
previous 15 years. June and July were mainly dry and warmer than 
usual while August was again dry but cooler than normal. 1986 ended 
with very wet weather; both October and November were wet and 
December was the wettest since 1971, with rainfall for the month at 
383.3mm, one third more than normal. From 24 September until the end 
of the year there were only 5 dry days. During 1987, up until 
August, when fieldwork stopped, the weather differed little from 
normal, except during March, which was wetter than usual. 
THE FISH IN WATERS ADJACENT TO FISH FARM CAGES 
This chapter examines the relative abundance and the diet of fish 
caught in the waters immediately adjacent to fish farm cages and at 
control sites some distance away. 
2.1 	Methods 
Beach seine netting was carried out at several freshwater and marine 
sites (Table 2.1) using a fine meshed net 24.5m long with a maximum 
depth of 3.3m. The majority of the net was 1cm square mesh while the 
middle 5.1ni section was 0.5cm square mesh. Five hauls were made 
directly adjacent to the farm cages by lowering the net into the 
water from the walkway and pulling it ashore, a similar number of 
hauls were made at control sites at least 300m from the farm cages 
using a boat and dropping the net parallel to the shore, in water of 
a similar depth and over a similar substrate to that at the farm. 
Each pair of farm/control netting sessions was carried out in one day 
and, at marine sites, in an attempt to minimise possible tidal 
effects, farm and control netting was carried out as near to low tide 
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Table 2.1 	The locations and dates of seine netting sessions at 
both fish farm and control sites. Preliminary hauls 
were also made at Ardchattan, Loch Etive during June 
1986 and Loch Nelfort during September 1986. 
LOCATION DATE 
North Loch Awe June 1986 
North Loch Awe August 1986 
North Loch Awe October 1986 
North Loch Awe January 1987 
North Loch Awe May 1987 
South Loch Awe September 1986 
Connel, Loch Etive July 1986 
Archattan, Loch Etive August 1986 
Loch Melfort November 1986, 
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as possible. As the bottom lead lines occasionally became caught 
around rocks and were lifted above the bottom substrate allowing 
fishthe chance to escape, the data presented refer only to snag-free 
hauls. 
Except where stated, all fish were collected, identified and weighed 
(to the nearest Ig) before being frozen in airtight plastic bags. 
Later, a selection of fish (Table 2.2) was thawed, weighed (to the 
nearest ig), measured (to the nearest 1mm) and their stomach contents 
examined. Stomachs were removed and the fullness of each was judged 
by eye and assigned to one of six categories: 
o - empty 
1 - less than ¼ full 
2 - ¼ to ½ full 
3 - ½ to I full 
4 -  full to full 
5 - distended 
Stomach contents were then washed into petri dishes and identified. 
There are many methods of analysing fish stomach contents (see review 
in Hyslop 1980); however it was decided that as the primary aim of 
this analysis was to determine whether a fish had eaten farm pellet 
food or 'natural' food items, •the major food type of each stomach 
would be estimated by eye and no attempt made to determine the 
relative importance of the natural food items within each stomach. 
Table 2.2 	The species, number, date and location of the 417 
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Is it C 30 
Cod of F 24 
if C 7 
15 sp s'back F II 2 
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Stomach contents were oven dried at 85 0C for 24 hours after which 
time a final dry weight (to the nearest O.00lg) was taken. 
2.2 Results 
(A) Freshwater sites 
(1) Species, number and weight 
(a) North Loch Awe 
Salmonids were the most commonly caught group, although three spined 
stickleback, perch, minnow and brook lamprey were also caught (Table 
2.3). Rainbow trout was the most commonly recorded salmonid, being 
As captures of individual fish caught in every month except January 1 987 
are not independant (this is 
thought to be particularly- true 
of such species as rainbow trout which often feed in loose shoals) comparison 
were made between the number of fish caught per seine haul at farm and contro: 
sites by means of a paired t-test. The first haul at the farm was paired with 
the first at the control site, the second with the second and so on. For the 
25 comparisons, the mean number of rainbow trout caught per seine haul was 
significantly greater at the farm than at the control site (paired t-test, 
t = 2.49, df = 24, P < 0.05) (Table 2.4). The mean weight of rainbow trout 
catches at farm and control sites were compared for the 3 months where sample 
were large enough (Table 2.5). Although catches were consistently heavier 
at the farm, weight differences between cage and control sites were not 
significant. 	- 
Brown trout were caught in June, August and October 1986. Only in 
June were samples numerically large enough for statistical comparison 
and no difference was found between farm and control sites (paired t-test, 
0.96, df = 4, NS). In terms of weight, comparisons were possible for June 
and August, but again differences between farm and control sites were 
not significant (June; t = 0.95, df = 8, NS. August; t = 1.23, df = 
8, NS). 
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Table 2.3 	The total number and weight (to the nearest lg) of 
fishes caught in beach seines at farm cage and control 
sites at north Loch Awe. The several hundred 3 spined 
sticklebacks caught during August 1986 (*) were returned 
alive to the water and not counted exactly. 
JUNE 1986 	AUGUST 1986 	OCTOBER 1986 
FARM 	1CONTROL 	FARM 	CONTROL 	FARM 	CONTROL 
	
Fish Species NO 	NO WT. NO 	NU . 1 WT. NO 	N0 
.......................................... 
Rainbow trout 49 6735 20 2246 26 5905 10 1207 75 27273 5 2326 
Brown trout 5 378 13 995 5 	77 7 1 704 1 	23 2 619 
Salmon parr 0 	- 	12 46 0 - 	3 	47 0 - 	0 	- 
Perchl 28 0- 	0 	- 1 480 	- 0 - 
Minnow 	1 	0- 0 - 	0 	- 	0 - 
3 S Stickleback 82 83 163 129 30 	28 * - 0 	- 	0 	- Brook Lamprey 0 	- 	0- 	0 - 	0 	- 	0- 01- 
JANUARY 1987 1 	 MAY 1987 
FARM 
Fish Species 1N0 WT. 
Rainbow trout; 0 	- 
Brown trout 0 - 
Salmon parrl 2 55 
Perch 0 	- 
Minnow 0 - 
3 S Stick1eback20 19 
Brook LamDrev 0 	- 
[•)hZIS) 	1 P I 
WT NO WT. 	NO 	4T. 
- 38 9360 	0 	- 
- 0 - O - 
- 0 - 	Oj 	- 
-i 0!- 0 
- 0'- O 	- 
5 0 - 	0 - 










Table 2.4 	Paired catches of rainbow trout from north Loch 
Awe farm and control sites. The first haul at the 
farm is paired with the first at the control site, 
the second with the second, and so on. 
FARM CONTROL  FARM CONTROL 
JUN 1986 12 3 FEB 1987 0 -- 	0, 
8 6 0 0 
20 8 0 0 
3 0 0 0 
6 3  0 0; 
AUG 1986 13 1 MAY 1987 33 0 
1 2 1 0 
1 0 2 0.. 
6 5 1 0 
5 2  1 0 





Table 2.5 	Statistical comparisons of farm and control site 
catches at north Loch Awe in terms of weight of 
rainbow trout caught. 
DATE T-VALUE Df LEVEL OF SIC. 
June 1986 1.70 8 NS 
Aug 1986 1.37 8 NS 
Oct 1986 1.42 8 NS 
(b) South Loch Awe 
All fishes caught here, both at the farm and control site, were 
salmonids. Catches were characterised by small numbers of large 
fish. Rainbow trout were again the most commonly caught species at 
the farm, and were the only species caught at the control site (Table 
2.6). Catches did not differ significantly at these sites either 
numerically (X2 = 0.35, df = 1, NS) or in terms of weight (t = 0.63, 
df = 8 3, NS). 
During netting several trout over 1 000g were caught:- fish weighing 
1 050, 1 060, 1 160, 1 780 and 2 750g were caught at the north Loch 
Awe farm and 1 150g at the control site there, while fish weighing 1 
100, 1 740 and 5 897g were caught at the south Loch Awe farm and 2 
610g at the control site. 
(2) Food 
(a) Salmonids 
Table 2.7 lists the groups and/or species of animals identified from 
the contents of 199 salmonid stomachs. Rainbow trout stomach 
contents varied both seasonally and between farm and control sites 
(Table 2.8). In all farm samples at least one third of those 
examined had eaten pellet food, and the proportion reached its 
highest level (73.3%) during October. None of the fish caught at the 
control site contained pellets. During June 1986 and May 1987 
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Table 2.6 	The total number and weight (to the nearest ig) of 
fishes caught in beach seines at farm cage and 
control sites at south Loch Awe, September 1986. 
* includes fish of 1 100, 1 740 and 5 897g, + 
includes fish of 2 610g. 
FISH SPECIES 
FAIN CONTROL 
NO wr NO wr 
Rainbow Trout 9 10483k 4 435 
Brown Trout 5 232 0 - 
Salmon Parr 5 171 0 - 
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Table 2.7 	Salmonid diet - list of species. Data from rainbow 
trout, brown trout and salmon parr caught in Loch Awe, 
Argyll. 
ANNELIDA 
Lumbricus terrestris - earthworm 
MOLLUSCA 
Lymnaea peregra - wandering snail 
Ancylus fluviatilis - river limpet 
CRUSTACEA 
Ganimarus pulex - freshwater shrimp 
Daphnia spp. - water flea 
INSECTA 
Ephemeroptera nymph - Ecdyonurus dispar - August dun adult 
Plecoptera (Stonefly) nymph 
adult 
Hemiptera - Corixa spp. 
Trichoptera (Caddis) nymph - cased 
adult 
Neuroptera larva - Sialis lutaria - Alder fly 
Coleoptera larva - Dytiscus marginalis - Great Diving Beetle 
Diptera - Chironomid larva - non-biting nudge 
late pupa 
adult (aerial) 
- other adult (aerial) insects of terrestrial origin, 
including Hemiptera (bugs), Diptera (2 winged flies) and 
Coleoptera (beetles) 
TELEOSTET 
Fish - unidentified salmonid - Salmo spp. 
3 spined stickleback - Gasterosteus aculeatus 
Also, Arachnids (spiders) 
stones and vegetation 
commercial pellet fish food 
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Table 2.8 	The stomach contents of rainbow trout (n = 151). 
Figures refer to the number of stomachs, those in 
paranthesis are percentages. 
Farm/Control 
JUNE 1986 AUGUST 1986 
F C F C 
No. Stomachs Examined 30 20 26 10 
Empty 5 	(17) 4 	(20) 2 	(8) - 	 - 
Fish Pellets 10 (33) - 	 - 8 (31) - 	 - 
Molluscs 1 	(3) - 	 - - 	 - - 	 - 
Aniphipods 1 (3) - 	 - - 	 - - 	 - 
Trichoptera Nymphs 2 	(7) 1 (5) - 	 - - 
Daphnia spp. - 	 - - 	 - 15 (58) 9 	(90) 











- 	 - 
Farm/Control 
OCTOBER 1986 MAY 1987 
F C F C 
No. Stomachs Examined 30 5 30 0 
Empty 7 	(23) 1 	(20) 2 	(7) - 	 - 
Fish Pellets 22 (73) - 	 - 11 (37) - 	 - 
Molluscs 1 	(3) 1 (20) - 	 - - 	 - 
Amphipods - 	 - - 	 - - 	 - - 
Trichoptera Nymphs - 	 - - 	 - - 	 - - 	 - 
Daphnia spp. 
Fish 
- 	 - 
- 	 - 
- 	 - 
2 (40) 
1 (3) 
- 	 - 
- 	 - 
- 	 - 
Chironornid pupae - 	 - 1 	(20) 5 (17) - 	 - 
Aerial insects - 	 - - 	 - 11 	(37) - 	 - 
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Chironomid pupae and aerial insects were the most commonly recorded 
'natural' food items at both the farm and control site. However, 
during August the majority of fish at both sites fed, almost 
exclusively, on Daphnia spp. During October only one fish from the 
farm contained 'natural' food (Molluscs), while 2 control fish had 
eaten fish and 2 others chironomid pupae and Molluscs respectively. 
Although sample sizes were smaller, brown trout stomach contents 
followed a similar pattern to rainbow trout, although no fish had 
eaten pellet food (Table 2.9). During June farm fish had fed 
predomonantly on Chironomid pupae and molluscs, while those at the 
control site fed on Molluscs and aerial insects. During August farm 
fish ate Chironomid pupae, Daphnia spp., Plecoptera nymphs and 
Annelids, while at the control site the majority (71.4%) had again 
eaten Daphnia spp. and the remainder, Molluscs. In October a single 
fish from the farm site contained Annelids while the single control 
site fish that contained food had eaten Molluscs. 
Salmon parr from the farm site in January 1987 had eaten cased 
Trichoptera and Plecoptera nymphs, during June 1986 the majority of 
control site fish (66.7%) had fed on Chironomid pupae and aerial 
insects, the remainder on cased Trichoptera nymphs and Amphipods, 
while during August 1986 all 3 fish had fed exclusively on 
Ephemeroptera nymphs. 
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Table 2.9 	The stomach contents of brown trout (n = 31), figures 
refer to the number of stomachs, those in parenthesis 
are percentages. 
Farm/Control 
JUNE 1986 AUGUST 1986 
F C F C 
No. Stomachs Examined 4 12 5 7 
Empty - 	 - - 	 - - 	 - - 	 - 
Annelids - 	 - - 	 - 1 (20) - 	 - 
Molluscs 2 (50) 2 (17) - 	 - 2 (27) 
Plecoptera Nymphs - 	 - - 	 - 2 (40) - 	 - 
Trichoptera Nymphs - 	 - 7 (58) - 	 - - 	 - 
Daphnia spp. - 	 - - 	 - 1 (20) 5 (71) 
Chironomid Pupa 2 (50) - 	 - 1 	(20) - 	 - 




No. Stomachs Examined 1 2 
Empty - 	 - 1 	(50) 
Annelids 1 (100) - 	 - 
Molluscs - 	 - 1 	(50) 
Plecoptera Nymphs - 	 - - 	 - 
Trichoptera Nymphs - 	 - - 	 - 
Daphnia spp. - 	 - - 	 - 
Chironomid Pupa - 	 - - 	 - 
Aerial Insects - 	 - - 	 - 
(b) Other fish 
Unfortunately, only 1 perch was available for examination (control, 
August, N. Loch Awe). It contained 2 three spined sticklebacks (15 
and 18mm long) and Plecoptera nymphs. Although not caught during 
seine netting, a single Arctic charr (Salvelinus alpinus) was caught 
in a cage net at the north Loch Awe farm during December 1985. 	The 
fish (whose stomach was empty) was 185mm long, weighed 74g and was 
similar in appearance to the claret (pelagic) morph described by 
Walker and Greer (1988). 
(3) Stomach fullness and food dry weight 
Stomach fullness was determined for all 199 salmonids examined (Table 
2.10). 	For the complete sample, the stomachs of' fish caught at the 
farm were fuller than those from the control site (X2 = 15.2, df = 5, 
P < 0.01). For individual species and sites, categories 0 - 2 
and 3 - 5 were combined for seasonal comparisons, and the only 
situation where stomach fullness indices differed significantly was 
for farm caught rainbow trout (X2 = 9.2 ) df = 3, P < 0.05) where 
there were fewer fuller stomachs than expected in June 1986 and more 
during October. During this month 22 (95.6%) of the 23 fish that 
contained food had eaten fish pellets and of these, 72.7% were either 
three quarters full to full, or distended. 
MV 
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Table 2. 10 	The number of stomachs allotted to each of 6 fullness 
categories. See text for further details (SP = salmon 
parr). 
Sample Site FARM  
Fish Species RAINBOW BROWN SP 
Month JUN AUG OCT MAY JUN AUG OCT JAN 
0 5 2 7 2 0 0 0 0 
1 5 0 1 6 0 0 1 1 
'Fullness 2 10 8 2 10 0 0 0 1 
Index'3 3 4 3 3 3 3 0 0 
4 4 6 6 1 1 0 0 0 
5 6 6 ii 8 0 2 0 0 
Totals 30 26 30 30 4 5 1 2 
Sample Site CONTROL  
Fish Species RAINBOW BROWN S. PARR 
Month JUNE AUG OCT JUN AUG OCT JUNE AUG 
0 4 0 1 00 1 20 
1 4 3 0 21 0 10 
'Fullness 2 3 2 1 6 	3 0 2 1 
Index' 	3 6 3 1 2 1 0 3 1 
4 3 2 2 1 	2 1 41 
5 0 0 0 10 0 00 
Totals 20 10 5 12 	7 2 12 3 
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Although the contents of stomachs containing Molluscs and cased 
Trichoptera nymphs were heavier than those containing other 'natural' 
foods (t = 5.8, df = 122, P <0.001), the mean dry weight of pellet 
food ingested was significantly heavier (16 times) than that of the 
'natural' food (t = 8.3, df = 173, P <0.001) (Table 2.11). 
(4) Pellet food and fish size 
At the farm site fish containing pellet food were significantly 
bigger (n = 51, mean = 256mm, SE = 8.3) than those containing 
'natural' food (n = 137, mean = 235, SE = 5.7) (t = 2.0, df = 186, 
0.05 <P <0.02). 
(B) Marine sites 
(1) Species, number and weight 
A total of 25 species of fish, including rainbow trout, were caught 
at marine sites. Although more species were caught at farm sites 
than at control sites, the differences were not significant. 
Numerically ; the mean number of fish caught per seine haul was significantly 
greater at farm than control sites at Connel (paired t—test, t = 2.72, df = 4, 
P < 0.1) and Loch Nelfort (paired t = 3.69, df = 4, P < 0.05). There was no 
significant difference between farm and control hauls at Ardchattan (paired 
t 	1.23, df = 4, NS). 	 In terms of weight, catches at the 
farm sites at Loch Melfort (Table 2.12) and Connel (Table 2.13) were 
significantly heavier than those at control sites, while at 
Ardchattan (Table 2.14) the difference was not significant. 
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Table 2. 11 	The mean dry weight of salmonid stomach contents for 





WEIGHT (g) SE SD 
Cased Trichoptera/Molluscs 18 0.538 0.16 0.48 
Other 'natural' food items 106 0.110 0.01 0.02 
Fish pellets 51 2.763 0.48 11.82 
Table 2.12 	The numbers and weight of fish caught in a beach seine 
at a fish farm and control site in Loch Melfort, 
November 1986. There was no difference in the number of 
species caught at each site (X2 = 0.1, NS), 
the catch was heavier at the farm (t = 
3.24, df = 8 1 P < 0.02). Farm mean wt. = 3128g 
(SE = 916.6), Control mean wt. = 146g (SE = 35.6). 
FARM CONTROL 
Saithe 737 71 
Cod 30 7 
15 Spined Stickleback 2 1 
Goidsinny Wrasse 3 0 
Corkwing Wrasse 1 4 
2 Spot Goby 35 4 
Painted Goby 4 0 
Black Goby 4 0 
Butterfish 2 0 
Worm Pipefish 1 0 
Connemara Clingfish 1 0 
Small Headed Clingfish 0 1 
Sand Smelt 0 1 
Total No. Species 11 7 
Total No. Fish 820 89 
Total Wt. (g) 15675 731 
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Table 2.13 	The numbers and weight of fish caught in a beach seine 
at a fish farm and control site at Connel, Loch Etive, 
July 1986. There was no difference in the number of 
species caught at each site, 
the catch 
was heavier at the farm (t = 2.32, df = 8, p < o.05). 
Farm mean wt. = 492g (SE = 153.3), Control 
mean wt. = 112g (SE = 55.3). 
FARM CONTROL 
Saithe 318 19 
Cod 3 28 
15 Spined Stickleback 8 10 
2 Spot Coby 48 47 
Sand Goby 7 20 
Butterfish 5 11 
Viviparous Blenny 9 4 
Long Spined Sea Scorpion 15 2 
Sea Snail 1 1 
Greater Pipefish 1 1 
Sand Eel 1 0 
Sea Trout 2 2 
Rainbow Trout 1 0 
Flounder 19 2 
Total No. Species 14 12 
Total No. Fish 438 147 
Total Weight (g) 981 668 
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Table 2.14 	The numbers and weight of fish caught in a beach seine 
at a fish farm and control site at Ardchattan, Loch 
Etive, August 1986. There was no difference in the 
number of species caught at each site. 
However, the catches at the farm and control 
sites were of a similar weight (t = 0.11, df = 8, NS). 
Farm mean wt. = 129g (SE = 49.9), Control mean wt. = 
123g (SE = 23.0). 
FARM CONTROL 
Saithe 11 5 
Cod 30 8 
Pollock 0 2 
15 Spined Stickleback 8 7 
3 Spined Stickleback 38 45 
2 Spot Coby 35 13 
Sand Coby 14 0 
Painted Goby 4 4 
Butterfish 10 11 
Viviparous Blenny 7 3 
Long Spined Sea Scorpion 9 5 
Plaice 2 0 
Sea Trout 4 2 
Total No. Species 12 11 
Total No. Fish 172 105 
Total Wt. (g) 696 530 
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(2) Food 
A total of 216 stomachs was examined. The majority (94.9%) were 
caught at Loch Melfort in November 1986, or at the same site during 
preliminary netting in September 1986 (Table 2.15), while the 
remaining 11 (5.1%) were salmonids caught at Connel and Ardchattan, 
Loch Etive in July 1986 (Table 2.16). 
Saithe were the only species that had eaten pellet food; during 
September 4 (13.3%) of the farm caught fish stomachs with food 
contained pellets and 2 (6.7%) of those from the control site did. 
In November, 27 (90.0%) of the farm caught fish had eaten pellets, 
the remaining 3 fish being empty, while none of those from the 
control site had. During September the saithe caught at each site 
were of a similar size (t = 1. 1, NS) having a mean length of 97mm (SE 
= 2.5). Sample sizes were too small to compare the dry weight of 
ingested pellet food with that of 'natural' food at each site, and 
there was no significant difference in the mean dry weight of food 
consumed at each site (t = 0.2 9 df = 55, NS). In November, saithe at 
the farm were significantly bigger than those at the control site (t 
= 5.8, df = 58, p <0.001) having a mean length of 127mm (SE = 4.2) 
compared to 101mm (SE = 1.8). Although the mean dry weight of the 
ingested pellet food was 4.4 times greater than that of the natural 
food taken at the control site, the difference was not significant (t 
= 0.4 9 df = 55, NS). 
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Table 2.15 	The food of fish caught at a farm and control site at 
Loch Melfort, November 1986. Also included are data 
from saithe caught in September 1986. + indicates 
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Table 2.16 	The food of salmonids caught at marine fish farms and 
control sites. 
SEA SEA RAINBOW NO. OF 
TROUT TROUT TROUT OCCURRENCES 
Farm/Control F C F 
No. Fish Examined 6 4 1 
No. Empty 1 	0 	0 
Amphipods 1 0 0 1 
Decapods 0 + 0 1 
Insects 1 1 0 2 
Fish 1 2 0 2 
Crangon 2 0 0 1 
Annelid 0 0 + 1 
No. Principal Food 4 	2 	1 
Groups 
2.3 Discussion 
As time and manpower were limited, seine netting was the best sampling 
method available. Unfortunately, when used alone, seine catch-per-
effort data do not accurately represent either density or relative 
abundance. The reported catching efficiencies of beach seines vary 
between 11% and almost 100%, depending on species and study location 
(Homer et al 1979, Kjelson and Colby 1977, Lyons 1986). The latter 
author found that seining efficiency was related to the position of 
each species in the water column, being higher for midwater fishes 
than benthic species, and concluded that increased efficiency could be 
achieved for many species by improving the handling of the net. In an 
attempt to reduce the variability often associated with seine netting 
(Richkus 1980), great care was taken to keep the lead lines at the 
base of the net on the bottom at all times, and netting was continued 
until 5 snag-free hauls were made at each farm and control site. I 
was unable to estimate the true catching efficiency of the net, but as 
the fishing method was constant throughout, it was thought comparisons 
between farm and control sites were valid. 
Whenever samples were large enough, fish numbers were greater at farm cages 
than at control sites in both marine and freshwater environments. 
This result was similar to those 
of Loyacano and Smith (1976) and Kilambi et al (1978) who recorded 
that many species of predatory and non-predatory fish were caught in 
greater numbers adjacent to channel catfish and rainbow trout cages in 
the United States. In the present study the majority of fish 
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associated with freshwater cages were rainbow trout, many of which 
were thought to have escaped from the farm. Penczak et al (1982) 
calculated an annual harvest of 1 - 4 tonnes of escaped rainbow trout 
in one Polish lake (5% of the total cage production in 1977), and the 
existence of well-established rainbow trout fisheries at several 
Scottish cage farms is indicative of the large scale stock losses 
occurring at these sites. Although some fish escape from the farm 
during grading or harvesting the majority are lost when nets are cut 
by vandals. It was estimated that up to 20 000 trout were lost in a 
single incident at the north Loch Awe farm, where most of the 
freshwater netting was carried out, and over the course of the year 
several tens of thousands of fish escaped (S Hart, farm manager, pers. 
comm.). Phillips et al (1985b) found that rainbow trout spread over a 
wide area after stocking, but that their eventual distribution may be 
limited to the area close to farm cages. 
Cage farms produce large quantities of solid waste, Phillips et al 
(1985a) calculated that 150 - 300kg of waste food and 250 - 300kg (dry 
weight) of faeces were produced for every tonne of rainbow trout, and 
Beveridge (1984) found that between 5 - 30% of the food delivered to 
caged rainbow trout remained uneaten and passed through the cages as 
'waste' food. Phillips (1982), with the aid of underwater TV cameras, 
observed wild brown trout feeding on such pellets. The same author 
also recorded stocked rainbow trout taking pallets, while Rocha and 
Mills (1984) found that they were also taken by stocked brown trout. 
In the present study only rainbow trout adjacent to the farm cages 
contained pellet food; those at the control site and all other netted 
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salmonids contained 'natural' food. Rainbow and brown trout eat a 
similar broad range of insect, crustacean, molluscan and fish species 
(Idyll 1942, De Filby 1976, Brown et al 1979, McAuley 1984, Phillips 
1984) and the diet of both species in the present study tended to be 
dominated by items taken on or near the surface during June, August 
and May, but from the bottom during October, following the pattern 
described by Ball (1961), Allen (1938) and Holmes (1960). Between 
June and August 1986 the diet changed from being dominated by 
Chironomid pupae and aerial insects to being dominated by Daphnia 
spp.. When Daphnia spp. are present trout feed on them gluttonously 
(Goddard 1969). Ball (1961) concluded that changes in the proportions 
of food items recorded in the stomachs of fish from Llyn Tegid, North 
Wales, were related to their relative availability. The same appears 
to have been true in the present study. 
Rocha and Mills (1984) studied the diet of stocked brown trout between 
April and September and found that pellets were eaten in every month 
between June and September, but formed the largest proportion of the 
diet by volume during September. In Loch Awe, pellets were recorded 
in stomachs from May, June, August and October - with the largest 
proportion being recorded in October. It therefore seems likely that 
pellets are utilised to a greater extent during the winter months. 
During October the mean dry weight of pellet food was 16 times heavier 
than that of 'natural' food and 72.7% of stomachs were between 31 full 
and distended. This conflicts with Ball (1961) and Hunt and Jones 
(1972) who found that the mean volume of natural food in the stomachs 
of brown trout varied seasonally, being lowest during the winter 
Ii 
months, and was related to temperature and daylength. Pellet fish 
foods have a high energy content (approx. 4.7 kcal/g, Fulmar trout 
feed guide) and several fish species have been shown to take advantage 
of the 'waste' pellets which are not eaten by farm stock but continue 
sinking and pass through the mesh of cages. Kilambi et al (1978) 
found that the survival and growth of certain species were improved as 
a result of cage culture, while Phillips et al (1985b) found that 
rainbow trout cage culture could improve the growth of indigenous 
species (brown trout and roach) and also stocked fish species (rainbow 
trout). 
The marine situation differed from that of freshwaters with few, if 
any, escapees but considerable numbers of wild fish close to the 
cages. Although fish undoubtedly escape from marine cages and rainbow 
trout, farmed at .4 sites on Loch Etive, are occasionally caught by 
anglers there, no salmon and only a single rainbow trout were caught. 
This suggests that fish escaping from farms into the marine 
environment do not stay close to the cages for long. Wild sea trout 
were caught at both farm and control sites and their diet included 
Amphipods, Crangon spp., fish (2 spot goby, clupeoid) and insects - 
similar to observations by Pemberton (1976b). 
Of the 21 species of (non-salmonid) wild fish, saithe were the most 
commonly caught and the only marine species found to have eaten pellet 
food. In a similar situation to rainbow trout in freshwaters, it 
appears that the importance of pellets in the diet of saithe may 
increase during the winter months. In September 1986, 13.0% of the 
farm-caught saithe contained pellets and 7.0% of the control fish did. 
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As pellets can only be obtained from the immediate vicinity of cages 
this indicated that fish taking pellets did not stay close to the 
cages constantly. By November, 90.0% of the farm saithe contained 
pellets, while none of those from the control site did, possibly 
indicating that at this time of the year fish rarely leave the 
vicinity of the cages. Several saithe, at both farm and control 
sites, had eaten sea lice (Lepeophtheirus spp.). Sea lice are not a 
group usually recorded in dietary studies of fish but are common 
external parasites of farmed (and wild) salmonids. Their distribution 
(and occurrence in the diet of saithe) may have been linked in some 
way to the presence of the fish farm (J Duncan, SMBA, pers. comm.). 
The remaining fish contained natural food similar to that previously 
described (eg. Kislalioglu and Gibson 1977, Gordon and De Silva 1980, 
Gordon 1981). 
Apart from fish pellets themselves, other sources of food may be more 
abundant in the vicinity of farm cages, the high organic input, from 
farms leading to increased production. Brown et al (1987) studying 
the effect of waste from a salmon farm on the benthos of a fjordic 
sealoch in Argyll found a highly enriched zone spreading from the edge 
of the cages for a distance of about 8m. Cage structures also support 
a rich variety of encrusting plant and animal growth acting not only 
as a source of food, but also providing shelter and protection. 
Several of the species regularly caught in relatively large numbers 
close to cages in Loch Etive were classed by Kislalioglu and Gibson 
(1977) as being typical of areas of boulders and algal cover (eg. 
viviparous blenny, butterfish, 15 spined stickleback, 2 spot goby) or 
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as being found on occasions amongst weed (eg. saithe and cod), despite 
the fact that both farms were moored above a gently shelving sandy 
substrate. 
Farm cages probably act as a source of food and shelter for fish 
living outside them. In both marine and freshwater environments the 
waters immediately adjacent to farm cages support large concentrations 
of wild fish and/or escapees and it seems inevitable that the areas 
close to farms attract diving piscivores (see later chapters: Shag - 
chapter 4, Cormorant - chapter 5). 
CHAPTER 3 
THE GREY HERON (Ardea cinerea) 
3.1 Seasonal Changes in Number and Age Structure Within the Study 
Area. 
This section examines the size and structure of the heron population 
within the study area. My aims were to determine the distribution 
and age structure throughout the study to see how these parameters 
varied within and between years. 
3.1.1 	Methods 
Heron numbers were assessed by transect counts conducted 2 or 3 times 
a month on a standard route through the study area (Fig. 1.3). 
Counts were done continuously, thereby minimising the chances of 
double-counting birds making short distance movements. The location, 
time of day, age class and activity (feeding or resting) was noted 
for all herons seen. Previous methods of age determination (Milstein 
et al 1970) could not always be applied accurately (pers. obs. and D 
Draulans and J van Vessem pers. corn.) so I categorised birds into 
one of two age classes: (a) first-years, birds in the first year of 
life, and (b) adults, older birds. 
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I travelled many thousands of miles within the study area by car and 
during these journeys I noted the location, time of day, age class 
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and activity of every heron seen. These data were combined with 
those from transects to determine the age structure of birds within 
the study area. 
Records of birds at fish farms, on sealoch shores within 200m of a 





Adults were present on sealochs throughout the year in both 1985/86 
and 1986/87 (Fig. 3.1). Numbers fell from a peak in the autumn to a 
low in mid-winter but returned to near-autumnal levels in the spring. 
Thereafter numbers fell to their lowest levels in June before 
increasing again in the late summer. 
First-years 
During 1985/86 first-year heron numbers fell from a peak in September 
to zero in January and thereafter remained at this low level for 
several months before increasing again in July and August. In the 
following year numbers again fell from a September peak, but not to 
the low levels of the previous winter, reaching a temporary low in 
December and January, which was followed by the lowest levels of the 
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Fig. 3.1 	The mean number of adult herons counted on sealochs in 
the study area, September 1985 to August 1987. Counts 
were twice—monthly, except during July, September and 
November 1986 when 3 counts were made. 
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season during April. Thereafter numbers rose slightly in May and 
increased further in July and August (Fig. 3.2). 
(B) Freshwaters 
Considerably fewer birds were recorded on freshwaters and although 
only a limited number of streams and lochs were regularly searched 
and herons were less conspicuous in freshwater habitats than on 
seashores, this difference is believed to be a genuine one. During 
transects, only 38 (3.2%) of the heron records were on freshwaters 
and of these, 25 (65.8%) were birds observed during three consecutive 
counts in November and December 1986, sheltering during particularly 
stormy weather on the shores of a small lochan only lOOm from the 
sea. Between 1 September 1985 and 31 August 1987, of the 2868 heron 
records within the study area, 139 (4.8%) were on freshwaters. 
(Fig.3.3). 
(i) Adults 
Numbers fell from November 1985 to zero during February 1986. 
Thereafter they increased to a peak in April before falling in the 
following month. Numbers fluctuated between 3 and 6 birds for the 
remainder of the summer and autumn before increasing in November to a 
peak in December. Very few adults were recorded during the first 
three months of 1987 and no birds were seen during April. Thereafter 
numbers increased to their previous summer levels between May and 
August. 
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Fig. 3.2 	The mean number of first-year herons counted on sealochs 
in the study area, September 1985 to August 1987. Counts 
were twice-monthly, except during July, September and 
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Fig. 3.3 	The number of adult and first-year herons counted on 
freshwaters in the study area, September 1985 to August 
1987. Counts were twice-monthly, except during July, 
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(ii) First-years 
Numbers fell from a peak in November 1985 to zero during February 
1986. Thereafter no birds were seen until September. During the 
next 2 months numbers fell before reaching a peak in December. 
Numbers again fell to zero during the following February and 
thereafter no birds were seen except for a single sighting in July. 
(C) Age Structure 
Monthly adult proportions, based on all birds seen within the study 
area (n = 2868), showed similar patterns during both seasons - being 
lowest during August and September and thereafter increasing until 
January/February. 	During the following months proportions remained 
constant before falling in the late summer (Fig. 3.4). 
3.1.3 	Discussion 
The study area lies within a region of relatively high heron density 
(Moser et al 1986). These authors surveyed the north and west 
Scottish coasts for coastal birds, including herons, during the 
winter of 1984/85 and found extremely high heron densities along all 
sheltered shores, especially those of sealochs, many of which had 
densities exceeding one bird per kilometre. Marquiss (in press) 
calculated that 57% of Scottish herons lived near the coast and that 
just over one third of the population bred in the islands and on the 
north and west coasts between the Clyde and the Orkneys. From the 
present study it seems that these birds obtain most of their food 
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Fig. 3.4 	The proportion of adult herons seen in the study area 
each month, September 1985 to August 1987. Figures in 
brackets indicate the monthly sample sizes. 
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throughout the year from the seashore because the majority of them 
were recorded on sealoch shores. 
The general pattern of adults on sealochs was one of high numbers 
during the autumn and spring and lower numbers during the winter and 
summer, and was related to the breeding cycle. Numbers on 
freshwaters were more likely related to the severity of winter 
weather. The requirement to guard both mate and nest obliged birds 
to forage near the colony during the early part of the breeding 
season (van Vessem and Draulans 1987) and as most of the colonies in 
the area were on the coast, this inevitably leads to larger numbers 
of adults being recorded on the sealochs. Van Vessem and Draulans 
(1987) also found that the distances travelled by herons from the 
colony to foraging sites increased during the course of the breeding 
season, and that during the chick—feeding period, most breeding birds 
showed a high degree of fidelity to feeding site. Their data also 
confirmed earlier observations that herons are mainly active during 
the twilight periods (eg. Milstein et al 1970, Cramp and Simmons 
1977, Geiger 1984) but concluded that their activity may cover the 
entire 24 hour cycle (Draulans and van Vessern 1985a, van Vessem and 
Draulans 1986a) and suggested that their use of time was largely 
determined by factors relating to food, foraging success and the 
changes of brood demands with season. If this was also true for 
western Scotland, birds foraged further afield during the breeding 
season, so that fewer were recorded on sealochs while the number 
recorded on freshwaters tended to increase. However, in this study 
all counts were carried out during daylight and took no account of 
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birds feeding at night. After breeding, while adult numbers on 
freshwaters decreased, those on sealochs returned close to pre-
breeding levels. The fall in numbers during mid-winter was most 
noticeable during 1985/86 and may therefore have been caused by birds 
dispersing to more suitable areas such as fish farms (see 3.3.3) 
during periods of harsh weather (Draulans and van Vessem 1985b). The 
pattern of first-year numbers differed from that of older birds and 
also between the two years. During severe weather some feeding sites 
may become unsuitable and young birds, less adept at fishing than 
adults and often occupying poorer feeding sites, are at a 
disadvantage (Marquiss, in Lack 1986). 	First-year heron mortality Is 
heaviest between December and March (Milstein et al 1970, Mead et al 
1979, Draulans et al 1986) and can be related to a measure of winter 
severity, over 80% may survive the mildest winters while almost all 
perish during prolonged cold ones (North 1979). Ringing recoveries 
also show that after the onset of severe cold, many young birds 
wander further afield prior to death (Narquiss et al 1983). First-
year numbers, on both sealochs and freshwaters, fell steadily from 
their post-fledging peak in September 1985 to zero in the following 
January, and thereafter none were recorded until the appearance of 
fledglings at the end of the following breeding season. This is 
thought to have been a direct result of the relatively severe winter 
weather, as the following winter was mild and first-years were 
recorded throughout the year with a post-fledging peak again in 
September. 	Once they leave the immediate surroundings of the 
heronry, most fledglings fly at least several tens of kilometres from 
the colony (Draulans and van Vessem in press) possibly to avoid areas 
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used intensively by parent birds, and so thereafter the numbers 
recorded on sealochs fell to a low during mid-winter while during the 
same period numbers tended to increase on freshwaters. In the spring 
numbers on sealochs increased slightly, possibly because birds were 
attracted to the vicinity of colonies by the breeding activities of 
adults (Owen 1959). Over the next few months the low numbers of 
first-years are thought to have been caused by a combination of 
factors; non-breeding birds tend to leave colonies once most of the 
eggs have hatched, they move more randomly and show a lesser degree 
of site-fidelity than adult breeders and also spend more time on day-
roosts (van Vessem and Draulans 1987). Towards the end of the 
breeding season their numbers again increased as birds of the year 
left the nest. 
During both years the proportion of first-years was highest in 
September when all the chicks were newly fledged. Over the course of 
the winter this proportion fell, a pattern common to several heron studies 
(Birkhead 1973b, van Beusekom 1981, Draulans et al 1986). In this 
study the proportion of first-years remained stable during the 
spring, probably at a level determined by the severity of the 
previous winter, before increasing towards the end of the summer as 
fledged birds moved into the natural habitat. 
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3.2 Feeding Behaviour on Sealoch Shores 
This section examines the shoreline characteristics thought to 
influence the distribution of feeding birds on sealochs, and how this 
feeding may also be influenced by the time of day and state of tide. 
With this information I hoped to build up a picture of heron activity 
in the natural habitat for comparison with birds visiting fish farms 
(see 3.4 and 3.5). 
3.2.1 	Methods 
Sealoch Shore Preferences 
The shoreline of Loch Etive lying within the study area was divided 
into 69 half kilometre sections. For each of the 54 (78.3%) sections 
where heron data were available from transects or point observations, 
the dominant algal species was identified and frond lengths measured. In 
attempt to reduce any bias caused by the possible influence of shore 
position on frond length, measurements were standardised. Mean frond 
lengths were calculated from a sample of 30 fronds chosen arbitrarily ft 
the mid-tide level of the middle shore at low water spring tide. 
Tidal Feeding Pattern 
For both Loch Etive and Loch Feochan tidal feeding patterns were 
based on all records of feeding birds from transects and point 
observations. The state of the tide for each observation was 
determined from local tide tables. 
Diurnal Feeding Pattern 
In order to reduce the possible influence of seasonal changes in bird 
numbers, data were collected over a relatively short period between 
14 and 24 September 1986, a time when most adults had left the 
breeding colonies and first-year numbers were at a peak. All feeding 
birds in an area of Loch Etive (Fig. 3.5) were counted every two 
hours between 9.30am and 5.30pm. 
Food Intake 
On Loch Etive feeding herons were observed with binoculars or a 
telescope from a car parked close to the shore. Roads ran alongside 
considerable lengths of shore and it was assumed that the presence of 
a parked vehicle did not influence bird behaviour. During feeding 
birds often came to within a few metres of the car and all but the 
smallest prey items could be identified. Activities were timed on a 
stopwatch and data recorded on a cassette recorder and later 
transferred to data sheets. The time spent feeding, the number of 
feeding strikes and the number of successful strikes were recorded. 
Successful strikes were defined as those that resulted in a prey item 
being eaten. 	Observations continued until an individual stopped 
feeding and flew off. 	The size of prey items was estimated by 
comparison with the anatomical features of the bird's head (see 
Appendix 1). For two fish species these lengths were converted to 
fresh weights by length:weight relationships, butterfish - W = 
0.00166 L3542 and 15 spined stickleback - W = 0.005484 L35991 (M. 
Marquiss unpublished) where W = body weight (g) and L = body length 
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(cm). 
Fig. 3.5 	The area of Loch Etive used for two-hourly feeding counts 
of heron (and shag). A - Ledaig Point, B - Cainus Bruaich 
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Weights for the remaining prey items were determined from comparison 
with locally caught specimens. 
3.2.2 	Results 
(a) Sealoch Shore Preferences 
The majority of the 54 half-kilometre sections sampled were dominated 
by either bladder wrack (Fucus vesiculosus) or knotted wrack 
(Ascophylluin nodosum). 	Those dominated by knotted wrack held a 
larger proportion of feeding birds than those dominated by bladder 
wrack (X2 = 9.4 2 df = 1, 	P < 0. oi'). 	The remaining three 
sections were either dominated by toothed wrack (Fucus serratus) or 
consisted entirely of sand and held no feeding birds (Table 3.1). 
Herons were recorded on 888 occasions on the 40 sections holding 
feeding herons. 	Knotted wrack sections held significantly more 
adults and fewer first-years than bladder wrack shores (X2 = 25.7, df 
= 1, P <0.001) and more birds, of both age classes, were recorded on 
knotted wrack shores than on those dominated by bladder wrack (t = 
5.73, df = 48, P <0.001 - Adults; t = 2.86, df = 49, 	P < 0.01 - 
first-years). On knotted wrack sections adults were more numerous 
than first-years (t = 4.98, df = 49 P <0.001) but on bladder wrack 
sections both age classes were found in similar numbers (t = 1.33, df 
= 54, NS) (Table 3.2). 
Fronds from sections dominated by knotted wrack (n = 23) were longer 
(mean = 1 07,7' cm, SE = 3 , 35) than those dominated by bladder wrack 
(n = 28) (mean = 40.5 cm, SE = t.81) (t = 18.53, df = 49, P < 0.001) 
(Fig. 3.6). 
Table 3.1 	The number of half-kilometre sections where feeding 








Bladder Wrack 28 	51.8 17 11 
Knotted Wrack 23 	42.6 23 0 
Toothed Wrack 1 	1.8 0 1 
No Weed 2 	3.7 0 2 
Table 3.2 	The number of adult and first-year herons recorded per 
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Fig. 3.6 	The mean length (SE) of knotted wrack and bladder wrack 
fronds from 23 and 28 half-kilometre sections of Loch 
Etive respectively. 
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However, within sections dominated by the same species, mean frond 
length varied significantly (knotted, F 22,668 = 21.03, P < 0.001: 
bladder, F27 812=  13.52, P < 0.001). These differences were not 
found to be correlated with the number of observations of feeding 
herons of either age class (Table 3.3), and so it was concluded 
that weed species itself, rather than frond length within a particular 
species, was the more important factor - feeding. herons being 
observed more often on knotted wrack - dominated shores. 	 - 
Herons were regularly recorded at densities of 4 birds per kilometre 
on knotted wrack shores, while on those dominated by bladder wrack 
densities never exceeded 3.3 birds per kilometre. 
(b) Tidal Feeding Pattern 
(i) Loch Etive 
Of the 1557 heron records from Loch Etive between January 1986 and 
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Table 33 	The number of adult and first-year heron observations 
between September 1985 and August 1987 for half-
kilometre sections of Loch Etive shoreline. Data are 
divided into knotted wrack sections (n = 23) or 
bladder wrack sections (n = 28) and the mean frond 
length for each section calculated. Correlation 
coefficients are given for each age class of heron 
and frond lengths of each algal species. 
KNOTTED WRACK BLADDER WRACK 
SECTIONS (n = 23) SECTIONS (n = 28) 









88 73 1 55 0 0 
126 70 2 30 17 0 
81 69 2 60 25 7 
107 57 4 44 1 13 
128 56 4 51 0 0 
107 43 2 58 1 9 
122 41 16 28 0 o 
.122 	' 28 4 25 0 0 
93 26 2 29 0 0 
92 25 2 30 0 0 
97 25 9 50 42 
123 23 5 41 0 0 
110 22 4 40 8 0 
122 21 1 43 0 0 
125 18 0 31 2 1 
108 16 16 25 3 0 
93 10 3 44 3 1 
79 10 8 53 0 0 
112 9 6 38 2 2 
101 6 0 51 2 3, 
97 6 2 41 9 0 
126 2 10 34 7 '1 
125 0 1 40 1 1 
1 0 
Corr. Coef.(r) -0.077 0.122 
40 0 1 
- 
40 1 0 
38 0 0 
59 0 0 
Corr. Coef.(r) 0.184 0.456 
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June 1987, 1112 (71.4%) were of birds feeding in the littoral zone, 
the remaining 445 (28.6%) were of resting birds. The tidal cycle was 
divided into 12 one-hour periods and the number of feeding birds in 
each was determined (Fig. 3.7). For analysis the tidal cycle was 
divided into 4 three-hour periods: high (high tide 1.5 hours) 
ebb, low (low tide 1.5 hours) and flow, and the number of herons 
seen feeding in each was calculated (Table 3.4). Birds were seen 
feeding at all states of the tide, but the pattern of numbers was not 
random (X2 = 53.8, df = 3, P <0.001) with greater numbers recorded 
feeding on ebb and low tides than on high and flow tides. Data were 
also divided between adult (n = 926) and first-year (n = 186) (Fig. 
3.8) and the number of feeding birds of each age class was calculated 
for the 4 tidal phases (Table 3.4). Although the peak of feeding 
occurred earlier in the tidal cycle for first-years (ebb) than adults 
(low), the difference was not significant (X 2 = 5.36, df = 3, NS). 
(ii) Loch Feochan 
Of the 328 heron records from Loch Feochan, 260 (79.3%) were of birds 
feeding on the shore and the remaining 68 (20.7%) were of resting 
birds. The number of feeding birds in each of 12 one-hour periods 
was determined and for analysis the number in each tidal period was 
calculated. Although the largest proportion was recorded during low 
tide, tidal differences were not significant (X 2 = 7.76 9  df = 3, NS). 
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Fig. 3.7 	The number of occasions feeding herons were seen on Loch 
Etive in each of 12 one-hour tidal periods, (n = 1112). 
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Table 3.4 	The number of feeding heron records for adults and 
first-years on Loch Etive in each of 4 tidal phases. 
TIDAL 
PHASE 
AGE CLASSES COMBINED ADULTS FIRST-YEARS 
NO.  NO.  NO. 
High 170 15.3 145 15.7 25 13.4 
Ebb 340 30.6 271 29.3 69 37.1 
Low 379 34.1 317 34.2 62 33.3 
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Fig. 3.8 	The number of occasions feeding adult (n = 923) and 
first-year (n = 186) herons were seen on Loch Etive in 
each of 12 one-hour tidal periods. 




However, differences were apparent between age classes (X2 = 13.9, df 
3 9 0.01 <P <0.001) (Table 3.5), with first-years being evenly 
distributed over the tidal cycle (X2 = 1.01, 	df = 3, NS), while 
adults were not - the largest proportion feeding at low tide (Fig. 
3.9). 
On this loch two distinct shoreline feeding habitats were identified. 
The river estuary at the head of the loch (0.5km downstream from the 
confluence of the rivers Nell and Feochan) was characterised by 
mudflats and fine shingle shores and because of the influx of 
freshwater algal cover was reduced or absent. The remaining shores 
were classed as being typical of sealochs in the area and were rocky 
and covered with either bladder or knotted wrack. The majority (n = 
172, 66.2%) of feeding birds were recorded on these typical shores, 
the remaining 88 (33.8%) were on the estuary. 
On typical shores adults and first-years had different feeding 
patterns (X2 = 10.76 9 df = 3, P < 0.05,) with the largest 
proportion of adults feeding during flow tide and the largest 
proportion of first-years during ebb tide. On the estuary, as 
samples were small, comparison between age classes was not possible, 
but birds here had a different feeding cycle from those on typical 
shores (X2 = 23.38 3, df = 3, P <0.001) with the majority feeding at 
low tide (Table 3.6). 
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Table 3.5 	The number of feeding heron records for adults and 
first-years on Loch Feochan in each of 4 tidal phases. 
TIDAL 
PHASE 
AGE CLASSES COMBINED ADULTS FIRST-YEARS 
NO.  NO.  NO. 
High 47 18.1 29 15.1 18 26.5 
Ebb 53 20.4 32 16.7 21 30.9 
Low 87 33.5 71 37.0 16 23.5 
Flow 73 28.1 60 31.2 13 19.1 
Table 3.6 	The number and age class of feeding heron records for 
two different shore types on Loch Feochan in relation to 
the tidal phase. 
TIDAL 
PHASE 
 TYPICAL SHORES ESTUARY 
NO. Ad  NO.F/Y  NO. 
High 23 18.8 15 30.0 9 10.2 
Ebb 20 16.4 16 32.0 17 19.3 
Low 34 27.9 7 14.0 46 52.3 
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Fig. 3.9 	The number of occasions feeding adult (n = 192) and 
first-year (n = 68) herons were seen on Loch Feochan in 
each of 12 one-hour tidal periods. Data were collected 
between 1 January 1986 and 30 June 1987 
tidal cycle 
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Prior to this study, herons were regularly counted along the complete 
length of the River Nell, from its 'source' as it leaves Loch Nell, 
to its mouth as it enters Loch Feochan 3.2km downstream. Between 
December 1983 and March 1984, birds were recorded on 55 occasions on 
the river and they were found to be evenly distributed over, the tidal 
cycle (X2 = 2.14 1 df = 3, NS) (Table. 3.7). 
Herons fed at different phases of the tide in the 3 habitats 
associated with Loch Feochan (x2 = 33.16, df = 6, P <0.001). On the 
River Nell the largest proportion fed at ebb tide, at the estuary the 
largest proportion fed at low tide and on typical shores the largest 
proportion fed at flow tide (Fig. 3.10). Combining observations from 
all 3 habitats showed that birds feeding on Loch Feochan and adjacent 
freshwater did not feed cyclically with the tide (X2 = 5.18, df = 3. 
NS), but that (probably by changing feeding location) they could feed 
throughout the tidal cycle. 
Heron densities varied with feeding habitat, never reaching more than 
1 per kilometre in the river while on typical shores up to 3 birds 
were seen within 1.2km of suitable habitat and up to 8 were recorded 
at the estuary at one time. As this habitat was 0.6km long, this 
represents a density of 13.3 birds per kilometre. 
(c) Diurnal Feeding Pattern 
During the 10 day monitoring period, 187 feeding heron records were 
obtained (Fig. 3.11), but no diurnal feeding cycle was apparent 
WX 
Table 3.7 	The number of feeding heron records for the River Nell 




High 15 27.3 
Ebb 18 32.7 
Low 14 25,4 










Fig. 3.10 The percentage of herons observed during each of 4 tidal 
phases in three different habitats. Data for typical 
shores and the estuary were collected between 1 
January 1986 and 30 June 19879 those for freshwater 
were collected between 1 December 1983 and 31 March 
1984 
high 	ebb 	low 	flow 
tidal phase 
Fig. 3. 11 The mean number of feeding herons recorded during two-
hourly counts of a 3.51cm section of Loch Etive. Data' 
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during daylight hours (F4,45 = 0.65, 	NS). Although no counts were 
made at night, feeding birds were regularly seen on the loch at night 
and birds were often heard calling throughout the hours of darkness. 
(d) Food Intake 
Ten adult herons were watched feeding for 542 minutes; they made 40 
strikes at a rate of 1 per 13.6 minutes. Twenty six (65.0%) strikes 
resulted in a prey item being eaten and these had an estimated total 
weight of 124g, an intake rate of 0.23g (wet weight) per minute. Six 
first-years were observed for 428 minutes; they made 257 strikes at a 
rate of 1 per 1.7 minutes. Thirteen (5.1%) of these resulted in a 
prey item being eaten, and these had an estimated total weight of 
32g, an intake rate of 0.08g (wet weight) per minute (Table 3.8). 
The majority of prey items consumed by adults (62%) were fish, while 
the majority of those consumed by first-years (85%) were small 
crustaceans/ainphipods. 
3.2.3 	Discussion 
On the Scottish west coast herons probably take most of their food 
throughout the year from the seashore (Marquiss in press) and in the 
present study many of the fish species found to he eaten by herons on 
sealochs (see also 3.6) were those common to the shallow waters of 
the area (Gordon and De Silva 1980, Gordon 1981). Specifically, 
herons fed almost exclusively on the rocky weed-covered shores of 
Table 3.8 	Calculations for the total estimated fresh weight of 
prey items taken by herons on the shore of Loch Etive. 
NO. PREY LENGTH TOTAL ESTIMATED 
PREY ITEM ITEMS ESTIMATE (mm) (FRESH) PREY WT. (g) 
AD. Butterfish 12 171 x 2 58 
114 x 8 
86 x 2 
Shore crab 10 - 50 
15 Spined 
Stickleback 2 86 x 2 3 
Worm pipefish 1 142 5 
Gtr pipefish 1 171 8 
Total feeding time (mins) 	 542 
Total (wet wt.) intake (g min) 	 0.23  
Fy. Small Amphipod/ 
Crustacean ii - 22 
Shore crab 2 - 10 
Total Feeding time (mins) 	 428 
Total (wet wt.) intake (g min) 	 0.08 
sealochs and many of their prey were typical of areas with 
boulders and algal cover, or were found, on occasions, amongst weed 
(Kislalioglu and Gibson 1977). 
The broadest algal zone in the middle of most North Atlantic rocky 
shores is dominated by one of two species. where there is sufficient 
shelter, knotted wrack (the largest of the wracks) may form a 
continuous blanket over the rocks, where its greater size and longer 
life-span enable it to exclude bladder wrack. However, on more 
exposed shores, knotted wrack is replaced by different forms of 
bladder wrack - the fronds of which become shorter as exposure 
increases. These weedbeds, particularly those of knotted wrack, are 
known to hold large amounts of the food species preyed upon by 
shallow water fishes (Brehaut 1982). 
Herons tend to return repeatedly to specific feeding sites in winter 
(Richner 1986) and also during the breeding season (van Vessem and 
Draulans 1987). Cook (1978a) found that first-years were less 
successful than adults at defending a territory, while van Vessem and 
Draulans (1987) concluded that they were less territorial than 
adults, or even not territorial at all, and the juveniles studied by 
Richner (1986) also appeared to he non-territorial. 
There were many sections of sealoch shore, particularly knotted wrack 
beds, where only adults were seen to feed, and shores with little 
weed cover that were used only by first-years. Although very little 
territorial defence was observed at any time of the year, the fact 
EIR 
that birds foraged singly and were regularly spaced (pers. obs. and 
Moser et al 1986) suggests that birds were holding feeding 
territories. If the assumption that knotted wrack beds hold the 
highest densities of prey fishes, and that these densities decrease 
as shores become more exposed, is correct, there is evidence that 
adult herons select the best feeding locations and that first-years feed at 
sub-optimal sites, as suggested by Cook (1978a) and demonstrated by 
Draulans and van Vessem (1985b). 
Herons on sealoch shores are faced with a complex feeding situation 
as the waterline along which they feed changes position throughout 
the tidal cycle, a cycle which itself changes every day. The number 
of fish species increases down the shore and, on sheltered shores at 
least, so too does their density Gibson (1972). Richner (1986) 
found that the feeding rates of herons in an esturine habitat 
depended on the state of the tide. 
Although birds on Loch Etive fed throughout the tidal cycle, most did 
so at low and ebb tides. The feeding peak of first-years came 
earlier in the tidal cycle than that of adults, but the difference 
was not significant. However, on Loch Feochan, the largest 
proportion of adults fed at low tide, while first-years showed no 
discernable tidal pattern, suggesting that in some cases first-years 
may feed at sub-optimal states of the tide. The presence of two 
distinct littoral zone habitats on Loch Feochan added further to the 
complex feeding situation: birds at the estuary fed mainly at low 
tide and often gathered in relatively large numbers, as did herons on 
the Ythan estuary (Cook 1978a, Richner 1986). The latter author also 
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found that when tidal changes reduced their intake rates below 
certain levels, some birds left the marine habitat to feed in nearby 
streams. The feeding patterns of herons at Loch Feochan and adjacent 
freshwaters suggest herons here may also feed throughout the tidal 
cycle by switching habitats. 
On sealochs birds showed no discernable diurnal feeding pattern and 
were seen or heard throughout the 24 hour cycle, confirming 
observations by Draulans and van Vessem (1985) and van Vessem and 
Draulans (1986c). At night some herons were believed to make use of 
the illumination provided by Street and house lights at Connel (pers. 
obs.), as was a bird observed by Richner (1986). 
The small sample of adults recorded feeding in Loch Etive had an 
intake rate considerably lower than the 1.09g min-1 calculated by 
Cook (1978b) for adults on the Ythan estuary, but within the range (0 
- 1.89g min) observed by Richner (1986) for birds in the same 
habitat. It is, therefore, probable that herons on sealoch shores 
have similar intake rates to those previously quoted for Scottish 
marine environments. 
3.3 Seasonal Changes in Number and Age Structure at a Fish Farm 
This section examines the size and structure of the heron population 
exploiting a large cage farm within the study area. My aims were to 
determine the numbers and age structure throughout the study to see 
how these parameters varied both within and between years and between 
the fish farm and the natural habitat. 
3.3.1 	Methods 
Data were collected at a large freshwater cage trout farm which was 
visited regularly by large numbers of herons. Here the cages were 
illuminated with spot-lights at night (primarily to deter human 
thieves) which provided good observation facilities. The lights had 
been in operation for several years and were not thought to deter 
birds, but perhaps enabled them to feed overnight. Observations were 
always made from a car parked near the farm which was not an unusual 
event and probably did not influence the heron's behaviour. The 
timing of all heron visits to the farm was noted along with the age 
class (adult or first-year) of every heron seen. Birds were classed 
as being at the farm if they were present on any part of the cage 
superstructures. Occasionally, during periods of disturbance 
(usually caused by the presence of anglers in boats close to the 
cages), only a few birds were recorded at the farm. As I was 
interested in the total population of birds exploiting the farm, the 
maximum number of adult and first-year birds seen each month was used 
to determine seasonal changes in numbers and the relative proportions 




Adults were present at the farm throughout the year in both 1985/86 
and 1986/87, and both years showed a similar pattern (X2 = 2.15, df = 
11, NS) (Fig. 3.12). Numbers fell from a relatively high level in 
September to a low in November, but then rose again to a peak during 
January/February, before falling to their lowest levels in July, 
after which they increased once again. 
First-years 
First-years were also present at the farm in both years and again 
both years showed similar patterns (X2 = 13.62, df = 11, NS) (Fig. 
3.13). Numbers fell from a relatively high level in 
November/December to a low during March/May. This was followed by a 
second low in July before numbers increased again in August. 
Although adult and first-year numbers were often broadly similar 
between June and November, they differed widely during the remainder 
of the year, with relatively more older birds being recorded. During 
both years the seasonal changes in numbers, of both age classes, were 
significantly different at the farm from those recorded in the 
natural habitat (Fig. 3.14 a-d) (Adult 1985/86, X2 = 20.34, df = ii, 
P < 0.05; Adult 1986/87, X 2 = 27.14, df = ii, P < 0.01; 
First-year 1985/86, X2 = 32.78 9  df = 5, P <0.001; First-year 1986/87, 
X2 = 13.46, df = 5, P <0.001). 
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Fig. 3.12 The maximum number of adult herons seen each month at a 
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Fig. 3.13 The maximum number of first-year herons seen each month 
at a freshwater cage farm on Loch Awe, September 1985 
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Fig. 3.14 
The maximum number of herons seen at a freshwater cage farm on 
L. Awe and the mean number of herons counted on sealochs. 
Adults - 1985/86 
Adults - 1986/87 
First-years - 1985/86 
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(c) Age Structure 
The age structure of herons visiting the farm was broadly similar in 
both years (Fig. 3.15). The percentage of adults present was lowest 
in the autumn/early winter, while during the remainder of the winter, 
spring and early summer it remained high before falling again. 
3.3.3 	Discussion 
Grey herons are attracted to fish ponds and fish farms throughout 
their range (eg. Cruetz 1964, Godin 1979, Meyer 1981a,b, Osieck 1982, 
Moller and Olesen 1983, Utschick 1983, Hafner 1984 and Draulans and 
van Vessem 1985b). The normally solitary feeding behaviour of herons 
is often modified at fish farms and birds may congregate in 
relatively high numbers. In the present study, counts of 25/30 birds 
were regularly made at a large freshwater cage farm and up to 35 were 
recorded. Meyer (1981b) found that up to 45 herons visited a large 
pond farm in southern England, while Draulans and van Vessem (1985a) 
recorded in excess of 50 birds at a Belgian pond farm. 
Similar patterns of bird numbers were recorded at the farm in both 
years, possibly indicating the importance of this constant and 
predictable source of food to the local heron population. The 
pattern of age ratios was similar to that found by Meyer (1981a,b) at 
a pond farm, and was probably linked to the breeding season, with 
larger proportions of adults at the farm in winter and spring and 
higher proportions of first-years in the late summer and autumn. 
Several farmers stated on their questionnaire returns that herons 
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Fig. 3.15 The proportion of adult herons seen each month at a 
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were mainly a problem in the late summer when young birds had become 
independent, and during the winter when weather conditions were 
harsh. 
Both age classes were present at the farm throughout the year during 
both seasons, in stark contrast to the 'natural habitat' where first-
years were absent for 5 months during and after the harsh winter of 
1985/86. During this period the numbers of both age classes at the 
farm peaked in February, the coldest month of the winter (see 1.9). 
Thereafter until the following breeding season, the only first-years 
recorded within the study area were at this farm site. 
Juvenile herons/egrets usually have lower feeding rates than adults 
(Recher and Recher 1969, Quinney and Smith 1980) and so may find 
foraging opportunities relatively better at a fish farm, especially 
when weather conditions are poor (Draulans and van Vessem 1985b). 
Van Vessem et al (1985) caught and marked 11 herons, of which 5 were 
first-years, and released them between 30 and 150km from the site of 
capture, a pond fish farm. Four of the first-years were recorded 
back at the farm within one month of release, but none of the older 
birds returned. The same authors also found that adults only 
attended the fish farm frequently when foraging opportunities 
elsewhere decreased considerably because of cold weather. In the 
present study, although severe winter weather may well have 
temporarily brought more birds to the farm - as numbers there 
increased while those on sealochs fell, the site was visited by 
adults, often in large numbers, throughout the year. 
W. 
3.4 Patterns of Arrival and Departure, Spatial Distribution and 
Behaviour of Herons at a Fish Farm. 
This section examines the timing of heron visits, their choice of 
cages and their use of time and space while at the farm. 
3.4.1 	Methods 
Patterns of arrival and departure 
Herons were not present when staff were at the farm during working 
hours (08.30 to 17.30 hrs). Herons arriving at the farm in the 
evening and leaving in the morning were recorded over 5 day periods 
in the summer (June 1987) and winter (December 1986). After staff 
had left the site, the number and age class of birds at the farm was 
recorded every 20 minutes for two hours and thereafter hourly, for a 
total of 4 hours. Similar records were made every 15 minutes during 
the three hour period prior to the arrival of staff in the morning. 
Cage preferences 
The farm consisted of 2 double rows of cages parallel to and about 
25/30m from the shore, joined to it by a walkway. One row contained 
25 cages holding fish of between 5 and 300g (A), the other contained 
19 cages with fish between 300 and 2 300g (B). Fish weight data were 
provided by farm staff. Over a period of months during visits to the 
farm, the number of herons on each cage was noted every hour for a 
total of 31 hours of observations. 
(c) Position and activity of birds at cages 
During feeding observations (3.5), the general behaviour and farm 
position of each heron at the site was recorded every 30 minutes. 
Behaviour was classified into 5 categories - feeding, preening, 
aggression, vigilance and resting (Fig. 3.16); the latter category 
also included sleeping birds. To obtain more information on 
aggression a series of observations was undertaken and all aggressive 
encounters were recorded; the age class of the antagonist and the 
outcome were also noted. Bird position was classified into 4 
categories: walkway, hand-rail, feeder pole (including the lid of 
the food hopper) and top netting (Fig. 3.17). During the winter 
months (November-February) birds were regularly observed standing on 
a stretch of shore immediately adjacent to the cages and the number, 
age class and activity of these birds were also recorded. 
3.4.2 	Results 
(a) Patterns of arrival and departure 
(i) Arrivals 
Herons had different arrival patterns in winter and summer (Fig. 
3.18) (X2 = 136.64 9  df = 7, p <0.001). In winter birds gathered in 
the late afternoon in relatively large numbers (up to 20 birds) at a 
dead fish dumping site some 500m from the farm cages and arrived at 
the cages themselves within a few minutes of staff leaving the site 
at the end of the working day. Each age class had a different 
arrival pattern (X2 17.28, df = 7, P < O. O5). The first birds 
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Fig. 3.16 Five categories of heron activity recorded at a fish 
farm, a - feeding, b - preening, c - vigilant, d - 
aggressive, e - resting. 
a 	 C 
Id 
Fig. 3.17 Four positions on a fish cage where herons were recorded, 
a - walkway, b - hand-rail, c - feeder pole (including  
the lid of the food hopper), d - top netting. 
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Fig. 3.18 Arrival patterns for adult and first-year herons in 
winter and sunnier at a fish farm. Dots represent mean 
number of birds, bars are standard errors. Data from 
Loch Awe fish farm. 













to arrive were always first-years and initially their numbers 
exceeded those of adults. Within an hour numbers of both age classes 
had reached levels which remained relatively constant throughout the 
hours of darkness. In summer birds did not visit the dead fish dump 
and both age classes had similar arrival patterns (X2 = 7.64, df = 5, 
NS). Birds arrived later during dusk rather than immediately after 
staff had left the site, as in winter. 
(ii) Departures 
Herons had different departure patterns in winter and summer (Fig. 
3.19) (X2 = 223.62, df = 12, P <0.001). In winter both age classes 
had similar patterns (X2 = 2.06, df = 12, NS) with numbers remaining 
relatively constant until staff arrived at the site and disturbed the 
birds. In summer each age class had a different pattern (X 2 = 25.87, 
df = 12 2 P < 0.05) with adults tending to remain at the farm 
later than first-years. However, few birds remained on the cages 
long enough to be disturbed by staff when they arrived. 
In the winter birds ocasionally visited the farm during the day in 
prolonged cold weather, when 2 or 3 birds (always first-years) would 
arrive at the cages when staff left for coffee and lunch breaks. The 
birds made no attempt to feed, but sat on the hand-rails until 
disturbed. During the summer such visits were not recorded. 
(b) Cage preferences 
The mean number of herons per cage per hour was calculated for seven 
weight classes of fish, those below 300g being divided into 50g 
Fig. 3.19 Departure patterns for adult and first-year herons in 
winter and summer at a fish farm. Dots represent mean 
number of birds, bars are standard errors. Data from 
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classes, while those between 301 and 2 300g were combined (Table 3.9, 
Fig. 3.20). There was no difference in the number of birds at cages 
containing 0 - bOg fish and those containing 101 - 300g fish (t = 
1.42, df = 23, NS). For fish weighing less than 300g the mean 
number of herons per cage was 16.2 (SE = 1.64) during the 31 hours of 
monitoring. Fewer were recorded at cages containing larger fish (t 
7.09, df = 42, P <0.001). Here the mean number of birds per cage was 
only 2.2 (SE = 0.68). Consequently, each row of cages had a 
different level of attendance (X2 = 176.26, df = 1, P <0.001) and the 
majority of the 466 heron observations (90.8%) were of birds on cages 
holding the smaller fish. It was concluded that at this site herons 
preferred cages that contained fish weighing less than 300g, but that 
below this size there was no preference. 
(c) Position and activity of birds at cages 
There was no difference between age classes of birds in their 
position at the farm (X2 = 1.17, df = 3, NS), but the birds were not 
randomly distributed (X 2 = 216.23, df = 3, P <0.001) with the largest 
proportion (41.2%) on hand-rails, 39.7% on top nets, 13.2% on feeder 
poles and only 5.9% on walkways (Table 3.10). This is despite the 
fact that there is obviously more space for herons on some perches 
than on others and that if ranked in decreasing order of 'available 
space' the order would be top nets, walkways, hand-rails and feeder 
poles. 
There was no difference between age classes of birds in their 
activity at the farm (X2 = 5.31, df = 4, NS). However, differing 
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Table 3.9 	The number of herons recorded at cages containing fish 







MEAN NO. HERONS! 
CAGE/HOUR 
0 - 	50 127 10 0.41 
51 - 100 139 8 0.56 
101 - 	150 17 1 0.55 
151 - 200 100 4 0.81 
201 - 	250 15 1 0.48 
251- 300 7 1 0.23 
301 - 2300 41 19 0.07 
Table 3.10 	The number of adult and first-year herons recorded at 
each of four positions at a cage trout farm. Figures 
in parenthesis are percentages. 
HERON AGE CLASS  
POSITION ADULT FIRST-YEAR COMBINED 
Hand-rail 183 208 391 (41.2) 
Top Net 167 210 377 (39.7) 
Feeder Pole 52 73 125 (13.2) 
Walkway 25 31 56 	(5.9) 
Totals 427 522 949 
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Fig. 3. 20 The mean number of herons per cage per hour for 7 weight 
classes of fish. The number of cages in each •weight 
class are given in brackets. 
fish wt. class (g) 
proportions of birds were involved in various activities (X 2 = 
422.48, df = 4, P <0.001) with the largest proportion (46.0%) being 
vigilant, 34.4% feeding, 15.8% resting, 2.2% involved in aggression 
and only 1.6% preening (Table 3.11). A bird's activity was found to 
be linked to its position at the farm (Table 3.12). 
Feeding 
Feeding was impossible from feeder poles because they were so high 
above the cage and no birds were seen attempting to do so. Feeding 
birds were not evenly distributed amongst the other 3 cage positions 
(x2 = 234.93, df = 2, P <0.001) with the majority of birds (90.5%) 
feeding from the top nets. 
Preening 
Samples of preening birds were small (n = 15) the majority (53.3%) 
being recorded on hand-rails and the remainder on feeder poles, with 
only single birds preening on walkways and top nets. The majority 
(66.7%) of preening birds were adults. 
Vigilance 
Vigilant birds were not equally distributed at various positions at 
the farm (X2 = 140.77, df = 3, p <0.001) with the majority (59.7%) on 
hand-rails, 22.2% on feeder poles, 13.7% on top nets and 4.4% on 
walkways. 
107 
Table 3. 11 	The number of adult and first-year herons engaged in 
each of five activities at a cage trout farm. Figures 
in parenthesis are percentages. 
HERON AGE CLASS  
ACTIVITY ADULT FIRST-YEAR CO{BINED 
Vigilant 199 238 437 (46.0) 
Feeding 146 180 326 (34.3) 
Resting 63 87 150 (15.8) 
Aggressive 9 12 21 	(2.2) 
Preening 10 5 15 	(1.6) 
Totals 427 522 949 
Table 3.12 	The number of herons engaged in various activities at 4 
positions at a cage farm. Figures in parenthesis are 
percentages. 
FEEDING PREENING VIGILANCE AGGRESSION RESTING 
Hand-rail 2 	(0.6) 8(53.3) 261(59.7) 10(47.6) 110(73.3) 
Feeder Pole 0 	- 5(33.3) 97(22.2) 2 	(9.5) 21(14.0) 
Top Nets 295(90.5) 1 	(6.7) 60(13.7) 8(38.1) 13 	(8.7), 
Walkway 29 	(8.9) 1 	(6.7) 19 	(4.4) 1 	(4.8) 6 (4.0) 
Totals 326 15 437 21 150 
UOTIV 
Aggression 
Samples of aggressive birds were small (n = 21) the largest 
proportion being on hand-rails (47.6%), 38.1% on top nets, while only 
2 birds were aggressive on feeder poles and a single bird on the 
walkways. The majority of birds involved in aggression (57.1%) were 
first-years and they were recorded at all 4 cage positions, while 
aggressive adults were only recorded on hand-rails and top nets. 
A total of 314 aggressive encounters were recorded, the majority of 
which (93.6%) involved the displacement of a bird (Table 3.13). In 
	
only 	20 cases (6.4%) was there no displacement. 	Aggressive 
encounters leading to displacement varied between age classes (X 2 
48.04, df = 3, p <0.001) with adults initiating 72.4% of encounters, 
of which the majority resulted in the displacement of a first-year. 
Resting 
Resting birds were not equally distributed at various positions at 
the farm (X2 = 71.64, df = 3, NS), the majority (71.4%) were on hand-
rails, 13.6% on feeder poles, 11.0% on top nets and only 3.9% on 
walkways. 
Changes in general behaviour 
Changes in behaviour were monitored for 6 hours after staff left the 
site (Table 3.14). For analysis, samples of preening and resting 
birds were combined, as they were small. The behaviour of herons at 
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Table 3.13 	The number and outcome of 294 aggressive encounters 





Ad displaced Ad 83 28.2 
Ad displaced FlY 130 44.2 
F/Y displaced Ad 20 6.8 
Fly displaced Fly 62 20.8 
	
Table 3.14 	The number of herons recorded as being engaged in 
various activities over a 6 hour period after staff 
have left the fish farm. Figures in parenthesis are 
percentages. 
TIME AFTER 	NO. 
STAFF LEAVE HERON 	 HERON BEHAVIOUR  
SITE (MINS) RECOIDSFEEDING!PREENINVIGILANCEAGGRESSION RESTING 
60 	307 	73(23.8) 	9(3.0) 	187(60.9) 	7(2.3) 	31(10.1) 
120 391 133(34.0) 5(1.3) 187(47.8) 3(0.8) 63(16.1) 
180 	419 	164(39.1) 	7(1.7) 	202(48.2) 	6(1.4) 	40 (9.6) 
240 403 130(32.3) 8(2.0) 200(49.6) 0 - 65(16.1) 
300 	353 	133(37.7) 	0 - 	77(21.8) 	30(8.5) 	113(32.0) 
360 440 220(50.0) 0 - 80(18.2) 20(4.5) 120(27.3) 
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cages varied significantly as time elapsed once staff had left the 
site (x2 = 302.30, df = 15, P <0.001). Aggression occurred rarely 
until some 5 hours after staff had left and coincided with markedly 
reduced vigilance and increased feeding and resting (Fig. 3.21). 
Resting in this case may have been associated with satiation. 
(d) Birds close to the farm 
The age structure of birds at the farm differed from that on the 
shore within a distance of 25/30m of the cages (X 2 = 274.63, df = 1, 
P <0.001). Of the 1 248 occasions herons were recorded on the cages, 
the majority (59.7%) were of adults, while on the shore the majority (93. OD/O 
of the 312 records were of first-year birds. On the shore these 
birds were almost constantly vigilant and only occasionally were they 
seen to rest or sleep. 	The few feeding attempts made were 
unsuccessful and birds were regularly seen commuting between the 
shore and cages and vice versa. 
3.4.3 	Discussion 
Birds visited the farm in a marked daily pattern which was related to 
the presence, or more specifically, the absence, of staff at the 
site. They fed almost exclusively at night and during twilight 
periods, as did those studied by Meyer (1981a,b) and Draulans and van 
Vessem (1985b). 	Birds had different patterns of arrival and 
departure in winter and summer. 	In winter, as day lengths were 
short, the working day (usually 08.30 to 17.30 hours) often 
III 
Fig. 3. 21 Changes in heron activity at a fish farm as time elapses 
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corresponded closely to the hours of available daylight, and birds 
usually arrived at the, farm within minutes of staff leaving at night 
and were disturbed by their arrival again the following morning. 
Thus, during the winter months staff regularly saw quite large 
numbers of birds leaving the site every morning. First-years, 
thought to be less wary than adults at farms (Meyer 1981a), were 
always the first to arrive, having congregated in the late afternoon 
at a dead fish dump close to the farm - a situation previously 
recorded as attractive to young birds (Draulans and van Vessem 
(1985b). Although not the first to arrive at cages, adults were not 
found to be as wary at the farm as Meyer (1981b) suggested. In the 
winter, birds occasionally visited the farm during the working day 
when staff were not there, but these birds were always first-years, 
as observed by Meyer (1981a), and made no attempts to feed. 
During the summer patterns of arrival and departure were more linked 
to those of day length than to the working day of staff, and birds 
tended to arrive and depart during twilight. Adults were found to 
stay later at the farm in the mornings (they were thought to be 
fishing to feed chicks at a nearby colony, see 3.6), but few, if any, 
remained at the cages when staff arrived in the mornings. Therefore 
a farmer's perception of the heron problem at his site is thought to 
be influenced, at least in part, by the relationship between the 
working day and the patterns of bird arrival and departure - which 
change seasonally with day length. 
At the farm birds fed throughout the night contrasts with observations 
by Cadbury and Fitzherberg-Brockholes (1984) who found no evidence of 
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feeding amongst the small numbers of herons visiting farm ponds at 
night. Birds selected cages containing fish up to 300g and virtually 
ignored those containing larger fish (300 - 2 300g). Those observed 
by Meyer (1981a,b) also selected fish of a similar size, favouring 
prey between 150 and 250g and making very few attempts at larger 
fish. 
Herons very rarely started feeding immediately on arrival at the 
farm, but spent time on cage hand-rails engaged in various 
activities. Their behaviour changed throughout the night: the 
proportion of feeding and resting birds increased, while that of 
vigilant birds decreased. Draulans and van Vessem (1985a) also found 
similar patterns for inactive and vigilant birds at a pond farm but, 
as time elapsed, they found the proportion of feeding birds decreased 
- only increasing again more than 10 hours after the first arrival. 
Ranson (1982) and Ranson and Beveridge (1983) concluded that few, if 
any, fish were successfully taken by herons from a cage rainbow trout 
farm, a view that needs considerable modification in the light of the 
present study. Birds took fish from cages, without exception, by 
standing on the top nets and pulling fish through the mesh, 
contradicting the widely-held belief of many farmers that birds only 
attack fish through the side netting. Many farmers did not realise 
that herons could take fish in this manner, but several of those who 
did concluded that the birds were feeding together, with small groups 
weighing down the top nets and birds taking turns to feed. No 
evidence of such co-operation was found, although 2 birds on a top 
net may tolerate each other's presence when foraging intently. Birds 
114 
usually fed singly on top nets, but there were often 2 or 3 others on 
the hand-rails and aggressive encounters were common and several 
associated displays were recorded. These included 'spread-wings', 
'crouched run' and 'beak-held-up' (Cook 1978a). 'Beak-held-up' was 
often followed by 'threat lunges' as described by Milstein et al 
(1970). The 'upward snap/threat display' (Birkhead 1973a) was also 
seen regularly and birds often raised their crests, mantle feathers, 
breast and dorsal plumes and such displays were regularly punctuated 
by loud squawks. 
The majority of aggressive encounters were initiated and won by 
adults, confirming the belief that first-years are less successful in 
conflicts than adults (Cook 1978a). Almost 60% of the birds at the 
farm were adults, while over 90% of those standing on the adjacent 
shore were first-years, suggesting that younger birds were being 
excluded from the most suitable areas by older birds (Ficken and 
Ficken 1967 - American Redstart, Narquiss and Newton 1981 - 
Sparrowhawk)0 This exclusion was not thought to be permanent 
however, as birds were regularly seen flying between the shore 
and cages.1 
3.5 Predation at Fish Farms 
Herons can cause losses at fish farms in two ways: by catching and 
eating fish or by inflicting wounds and damaging those dropped during 
manipulation. This section examines both types of predation. The 
analysis of stomach contents of herons killed at fish farms is 
presented. Attempts are made to determine which fish in a cage are 
most vulnerable, and to estimate the total losses to herons. 
3.5.1 	Methods 
Feeding behaviour 
At a large freshwater cage farm (see 3.4), individual herons were 
arbitrarily chosen and observed with binoculars or telescope, their 
position and behaviour being noted. During bouts of feeding the 
number of strikes and their outcome were recorded. The sizes of fish 
eaten were determined by comparison with anatomical features of the 
bird's head (see Appendix 1). Lengths were converted to fresh weight 
by the relationship W = 0.0101 L 305 (where W = body weight (g) and L 
= body length (cm) ) derived from a sample of cage fish. 
Stomach contents of dead birds 
Birds killed at farms were examined soon after death if possible, or 
were deep frozen. The stomach was removed and the oesophagus opened 
from stomach to beak and any food present was removed. Stomachs 
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occasionally contained both a recent 'meal' and the remains of 
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previous 'meals' in the form of a small amount of undigested hard 
bones and otoljths at the bottom of the stomach. To reduce the bias 
caused by recording these hard items, fish were only recorded if 
flesh was still attached to the bones. Although small fish may be 
digested more quickly than larger ones, even the smallest fish were 
found with flesh on the bone and the distinction between the recently 
eaten food and the retained items from previous meals was clear. 
Birds invariably swallow a fish head first so the tail section is the 
last to be digested. The number of tails was therefore taken as the 
number of fish eaten. 
Complete fish were removed and identified (Maitland 1972, 1977, 
Wheeler 1969, 1978) even partially digested fish from some remnant of 
undigested skin, fins or tail. Fish pieces were placed in a sieve 
and rinsed with water to remove the remaining flesh. If necessary, 
identification, at least to Genus, could be made at this stage by 
comparison of the vertebrae with several keys (Webb 1976, Watson 
undated) and a reference collection made from fresh specimens caught 
locally. 
The length of all recognisable fish was recorded (to the nearest Cm) 
either by direct measurement or by comparison with freshly caught 
specimens. In the case of salmonids, vertebrae were used to estimate 
the length of fish. Several caudal vertebrae were removed, cleaned 
and the centrum width measured (to the nearest 0.1mm). Centrum width 
is fairly constant within an individual fish and can be directly 
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related to fish length (Wise 1980). The presence or absence of 
nematode worms in the stomach was also noted. 
(c) Damage to stock 
Many farms, but not all, have a policy of regularly collecting and 
removing dead fish from cages. The opportunity was taken to record 
the numbers of dead fish and the proportions damaged by herons. 
Counting dead fish inevitably leads to underestimates of the total 
mortality for several reasons. It is possible that not all dead fish 
are removed for counting; this is especially true if, as is usually 
the case, they are removed while the remaining livestock are still in 
the cage. Fish may decompose quickly and their remains fall through 
the cage mesh, and some corpses may also be eaten by other fish. 
Such losses were reduced by removing dead fish every week, but this 
was not always possible and the figures for dead fish must be viewed 
as minimum values. 
Dead fish were examined from 25 cages containing trout of less than 
300g at a large freshwater cage farm between October 1985 and 
September 1986 and from two cages of trout at a marine site between 
October 1986 and April 1987. 
The position of heron damage was recorded for each fish as being at 
one of 4 areas: operculum, dorsal fin region, tail or complete 
length of the fish (Fig. 3.22). The lengths of all damaged fish were 
recorded and their fresh weights estimated from the length:weight 
relationship given above. Fish were not weighed directly because 
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Fig. 3. 22 The 4 areas of heron damage on a fish, a - operculum 
region, b - dorsal fin region, c - tail region, d - 
complete length of fish. 
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they lose weight between damage and death and (particularly) after 
death. 
(d) Prey selection 
Freshwater site 
During April 1986 a particularly large number of damaged fish were 
found to be swimming in a cage containing about 20 800 trout weighing 
approximately 180g at the large freshwater farm previously described 
(see 3.4.1 b). Their wounds were fresh, indicating that they had 
only recently been attacked. All the marked fish were netted out 
along with a sample of undamaged fish, weighed (to the nearest 5g) 
and measured (to the nearest 5mm). Undamaged and damaged fish 
samples were compared. 
Marine site 
While feeding at cages herons can only reach fish swimming close to 
the water surface. Two samples of fish were taken to determine 
whether surface swimming fish differed from the remainder of the 
population within the cage. 'Surface' fish were those that could be 
easily caught in a hand-held net within a metre of the water surface, 
while 'complete shoal' fish were sampled when the nets had been 
almost completely pulled up, thus allowing fish from all depths 
within the cage to become mixed. 
Samples of fish from 2 cages were measured (to the nearest 5mm) and 
weighed (to the nearest Ig) and the condition factor of each was 
calculated using the formula: K = (W/L 3 ) x 100 (Nahhas et al 1980), 
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where W = weight of fish (g) and L = length (cm). To avoid possible 
re-capture, fish were then placed into a third cage from which no 
samples were taken. For comparison, after surface and complete shoal 
samples were collected, all dead fish were removed from the cages and 
the number and length (to the nearest 5mm) of all heron-damaged fish 
were recorded. 
(e) Quantifying predation 
(1) Freshwater site 
At this site the annual losses caused by herons were estimated 
between October 1985 and September 1986. Farm figures were used to 
determine the number of fish held at the farm and the mortality rate 
of various size classes of fish (ie below and above 300g) as 
perceived by the farm staff. 
The mean nimiber of dead fish from cages containing fish weighing less 
than 300g was assumed to be constant throughout the year, and the 
number of heron damaged fish was estimated for each month by using 
the proportions recorded elsewhere (see 3.5.2 c). The resulting 
figure was multiplied by 25 (the number of cages holding fish of less 
than 300g) to give the total number of this weight class estimated to 
be damaged per month. This figure was then divided into proportions 
equal to that of adults and first-year herons recorded at the farm 
(see 3.3.2 c) to produce an estimate of the number of fish dropped by 
each age class. Finally, the ratio of dropped (and hence damaged) 
fish to eaten fish determined from observations (Adults - 
1:18.3/First-years - 1:3.7) (see 3.5.2 a) was used to estimate the 
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number of fish actually consumed by each age class per month. The 
financial value of the fish 'lost' to herons was estimated after 
discussion with staff at the farm. 
(ii) Marine site 
At this site losses to herons were quantified both numerically and 
financially between 1 September 1986 and 31 May 1987 as part of an 
overall monitoring programme. Dead fish at this site were counted 
every week and the proportion of these marked by herons was recorded. 
The value of all bird damaged fish, those damaged by herons and those 
dying for any reason were calculated using the following values: 
£1.55 for salmon smolts (the original purchase price, as damage 
occurred early in life at the farm), 5.5p for each rainbow trout fry 
and 70p for the larger rainbow trout, which was the farm-gate price 
of the fish. All other financial costs over the period of monitoring 
were recorded to give some perspective to heron damage, including the 
cost of storm damage to cages, the cost of replacing stolen 
equipment, the cost of buying new fish stocks and the cost of food. 
3.5.2 	Results 
(a) Feeding behaviour 
Adult herons (n = 95) were observed at farm cages for 5 537 minutes, 
spending 49.6% of this time feeding, while first-years were watched 
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for 3 573 minutes and spent a larger proportion (70.2%) of their time 
feeding. 
On the cages, adults spent longer in one position before moving or 
leaving the farm than first-years (t = 3.02, df = 177, r < 0. 01). 
However, both age classes spent similar lengths of time 
feeding (t = 0.28, df = 177, NS) (Table 3.15). 
Sixteen percent of feeding strikes by first-year herons were made 
from walkways into the loch, significantly more than the 3% recorded 
for adults (X2 = 20.78, df = 1, P <0.001). However, the majority of 
capture attempts were directed at fish within the cages by birds 
standing on the top nets. Here adults were more successful than 
first-years (x2 = 46.4, df = 2, P <0.001), 75.3% of their strikes 
resulting in a fish being eaten, while only 41% of strikes by first-
years did. Adults also dropped fewer fish than younger birds, 
dropping one for every 18.3 eaten, while first-years dropped one for 
every 3.7 they ate. Both age classes had similar strike rates (Table 
3.16). 
Adults and first-year herons did not differ in the size of fish 
caught (t = 1.22, df = 254, NS). Birds of both age classes took fish 
weighing up to 234g (270mm in length). Mean weight was 54.6g (SE = 
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Table 3.15 	The mean length of time spent in one location before 
moving or leaving the farm and the mean length of 
feeding session for both age classes of heron. 
AD  
MEAN SE MEAN SE 
Time spent before changing 
location/leaving the farm 58.2 3.94 42.5 3.29 
(mins) 
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2.79, 170mm in length). Adults caught significantly more fish per 
feeding session (t = 5.03, df = 89, P <0.001) and had a significantly 
higher intake rate than first-years Ct = 2. 75, df = 89, P < 0. 01). 
When the total length of time the birds spent at the farm (combining 
feeding, preening, vigilance, aggression and resting time) is taken 
into account, however, intake rates did not differ between age 
classes of birds (t = 1. 52.0  df = 89, NS) (Table 3.17). 
(b) Stomach contents of dead birds 
Of 115 stomachs examined, 45 (39.1%) contained food. Six birds had 
eaten poisoned fish baits left out by farm staff and their stomach 
contents were, therefore, disregarded. The remaining 39 (33.9%) were 
examined. The majority of them (64.1%) contained rainbow trout 
(Table 3.18), a minimum estimate, since a further 20.6% of fish were 
unidentified - at least 18.0% of which were salmonids. The true 
figure is likely to be about 80.0%. 
The majority of rainbow trout (82.2%) were from birds killed at two 
farms, one a cage site, the other a pond site. Those fish from birds 
killed at the cage site were found to be smaller than those from 
birds killed at the pond farm (t = 3.39, df = 35, P < 0. 00 
(Fig. 3.23). No nematode worms were found in any of the stomachs 
examined. 
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Table 3.17 	The total estimated fresh weight intake rate (g min - ) 
of adult and first-year herons at a cage fish farm in 
relation to the time spent feeding and total time spent 
at the farm. 
INTAKE IN RELATION 
TO FEEDING TIME 
INTAKE IN RELATION TO 
TOTAL TIME AT FARM 
AD F/Y AD FLY 
n 59 32 59 32 
Mean 5.47 3.40 3.58 2.70 
SE 0.47 0.54 	' 0.36 0.47 
Table 3.18 	The stomach contents of 39 herons killed at Scottish 
fish farms. 
PREY SPECIES NO. SPECIMENS STOMACHS CONCERNED 
NO. 
Rainbow Trout 45 25 64.1 
Unid. Salmonid 7 7 18.0 
Brown Trout 5 5 12.8 
Unid. Fish Spp. 1 1 2.6 
Common Eel 1 1 2.6 
Bank Vole 1 1 2.6 
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ig. 3.23 The length frequencies of rainbow trout found in the 
stomachs of herons killed at cage (n = 18) and pond (n = 
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(c) Damage to stock 
Freshwater site 
Over a 12 month period, 54 181 dead fish were examined from cages 
containing fish under 300g (n = 25), 1 968 (3.6%) of these having 
been damaged by herons. The proportion of damaged fish changed 
throughout the year (X2 = 1 585.5, df = Ii, P <0.001). Highest 
levels of damage occurred in the late winter (February/March) and 
lowest levels in the summer (July/August) (Table 3.19). 
The lengths of 781 damaged fish were recorded, converted to fresh-
weight values and compared with 256 fish previously observed to be 
eaten by herons (Table 3.20). Damaged fish had a different size 
distribution from those that were eaten (X2 = 32.8, df = 6, P 
<0.001). Below lOOg more fish than expected were eaten while above 
this weight more were damaged. 
Marine site 
During August, September and early October 1986 the farm held 
approximately 800 large rainbow trout (350g approx.) and 5320 salmon 
(350g +), and although first-year herons were regularly seen sitting 
on cages in the early mornings, no damaged fish were found. In mid-
October, 50 000 rainbow trout fingerlings (18g approx.) were 
introduced into 2 cages from a freshwater hatchery. At the time, 
salinity levels of between 28 and 300/00  (parts per thousand), 
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Table 3.19 	The number of dead fish examined at a cage farm and the 
proportions damaged by herons between October 1985 and 
September 1986. 
MONTH NO. EXAMINED 
DAMAGED 
NO. 
Oct 5128 161 3.1 
Nov 5097 163 3.2 
Dec 4831 234 4.8 
Jan 2199 136 6.2 
Feb 2291 266 11.6 
Mar 2884 376 13.0 
pr 3018 106 3.5 
May 4376 124 2.8 
Jun 4679 129 2.8 
Jul 7372 54 0.7 
Aug 5374 18 0.7 
Sep 6932 201 2.9 
Table 3.20 	The number of rainbow trout eaten or damaged by herons 







0- 	50 151 366 
51 - lOU 75 196 
101 - 150 18 89 
151-200 7 54 
201-250 5 36 
251-300 0 97 
300+ 0 13 
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approaching the upper tolerance limits of rainbow trout of this size 
(Nahhas et al 1982), were recorded by a Stirling University team at 
the site. Consequently, within a week 15 510 dead trout had been 
recovered from the cages, 127 (0.8%) of these having been damaged by 
herons. Thereafter the monthly proportions of damaged fish were 
similar in each cage over a 7 month period (Table 3.21). These 
proportions, however, varied (X 2 = 125.7, df = 6, P <0.001) with the 
greatest damage being recorded during December, January and February. 
(iii) 	Position of damage 
The position of damage recorded for 781 trout from the freshwater 
site was not randomly distributed (X2 = 300.4, df = 3, P <0.001). 
The majority of fish were damaged in the operculum region. At the 
marine site where 309 trout were examined, the position of damage was 
again not randomly distributed (X2 = 11.9, df = 3, P < 0.01) 
with the largest proportion again being damaged on the operculum 
(Table 3.22). 
(d) Prey selection 
(i) Freshwater site 
Damaged fish were found to he shorter, lighter and to have a lower 
condition than undamaged ones (Table 3.23). They also had a higher 
incidence of blindness (X2 = 13.46, df = 1, P <0.001). Four (8.0%) 
of the undamaged fish were blind in at least one eye compared with 72 
(34.4%) of the damaged fish. 
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Table 3.21 	The number of damaged and undamaged fish recovered from 
two cages between October 1986 and April 1987. In no 
month was the difference between cages significant. 
CAGE A CAGE B 
NO. UN- DAMAGED NO. UN- DAMAGED 
MONTH DAMAGED NO. (%) DAMAGED NO. (%) DF X2value 
Oct 47 2( 4.1) 42 1 	(2.3) 1 0.04 
Nov 31 4(11.4) 28 5(15.2) 1 0.53 
Dec 28 22(44.0) 30 22(42.3) 1 7.84x10 4 
Jan 15 25(62.5) 24 37(60.7) 1 5.09x10 4 
Feb 271 135(33.2) 256 177(40.9) 1 4.91 
Mar 92 30(24.6) 78 24(23.5) 1 7.97x10 4 
Apr 64 15(19.0) 56 7(11.1) 1 1.11 
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Table 3.22 	The position of damage on samples of fish taken from 








Operculum 479 61.3 100 32.4 
Dorsal fin 197 25.2 73 23.6 
Tail 24 3.1 90 29.1 
Complete Length 81 10.4 46 14.9 
Table 3.23 	Comparisons between heron-damaged and non-damaged trout 
removed alive from a single cage. 
MEAN 
MEAN MEAN CONDITION 
LENGTH SE WEIGHT SE FACTOR SE 
Damaged 210 220 1.30 134 2.28 1.18 0.01 
Undamaged 50 240 1.71 189 3.39 1.30 0.03 
(ii) Marine site 
Fish at the surface, complete shoal and heron damaged fish were 
sampled on 5 occasions: during February, March and April (cage A) 
and March and April (cage B). Length frequencies were calculated 
(Fig. 3.24) and for all 5 sets of samples the length data were 
analysed (Table 3.24). In each case, fish from the surface were 
smaller than those from the complete shoal (Table 3.25) and 
damaged fish were intermediate, but closer in length to those from 
the surface (Table 3.26). In one sample (cage A, April) damaged 
fish were significantly longer than those on the surface. In all 
5 samples damaged fish were significantly shorter than those 
sampled from the complete shoal (Table 3.27). 
Condition factors were calculated for fish sampled from cage A in 
October 1986, February, March and April 1987 (Table 3.28, Fig. 
3.25). In each month the mean condition factor of surface fish 
was less than that of those from the complete shoal. However, 
only in March and April was this difference significant (Table 
3.29). 
During all 5 sample sessions some living damaged fish were caught 
amongst those near the surface and over the 3 months of 
monitoring, 4.0% of the living fish sampled were damaged, while 
26.3% of dead fish were, suggesting that once damaged, fish of 
this size were 6.6 times more likely to die than undamaged ones. 
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Fig. 3.24 Length frequencies for 3 samples of rainbow trout removed 
from 2 cages, a - Cage A: April, b - Cage A: March, c - 
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Table 3.24 	The mean lengths of heron-damaged dead fish and 
those sampled alive from the surface and complete 
shoal in 2 cages. 
CAGE A  CAGE B  
TOP SHOAL DAMAGED TOP SHOAL DAMAGED 
No. 45 45 32 - - - 
FEB Mean(mm) 130.0 155.0 140.2 - - - 
- 	 SE 2.83 3.43 3.78 - - - 
No. 40 40 30 40 40 25 
MAR Mean(mm) 137.0 165.4 148.0 134.5 164.8 144.8 
- 	 SE 2.95 3.41 3.05 3.06 3.20 4.17 
No. 40 40 15 40 40 8 
APR Mean(mm) 122.8 183.6 149.7 146.6 201.4 159.4 
- 	 SE 3.35 4.06 5.22 3.79 3.09 10.96 
Table 3.25 	Statistical comparisons between surface and complete 
shoal samples. 
t-VALUE DF LEVEL OF SIG. 
CAGE A: Feb 5.67 88 P <0.001 
Mar 6.30 78 P <0.001 
Apr 11.56 78 P <0.001 
CAGE B: Mar 6.83 78 P <0.001 
Apr 11.19 78 P <0.001 
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Table 3.26 	Statistical comparisons of surface samples and heron- 
damaged fish. 
t-VALUE DF LEVEL OF SIG. 
CAGE A: Feb 2.25 75 NS 
Mar 2.55 68 NS 
Apr 4.24 53 p <0.001 
CAGE B: Mar 2.03 63 NS 
Apr 1.47 46 NS 
Table 3.27 	Statistical comparisons of heron-damaged fish and those 
sampled from the complete shoal 
t-VALUE DF LEVEL OF SIG. 
CAGE A: Feb 2.95 75 P < 0.01 
Mar 3.66 68 p <0.001 
Apr 4.61 53 p <0.001 
CAGE B: Mar 3.82 63 p <0.001 
Apr 5.00 46 p <0.001 
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Table 3.28 	Mean condition factors of surface and complete shoal 
fish. 
OCT FEB MAR APR 
No. 40 45 40 40 
SURF: 	Mean 1.07 1.27 1.32 1.30 
SE 0.02 0.02 0.05 0.04 
No. 40 45 40 40 
C/SHOAL: 	Mean 1.11 1.34 1.45 1.47 
SE 0.01 0.02 0.02 0.02. 
Table 3.29 	Statistical comparisons between condition factors of 
surface and complete shoal fish. 
MONTH t-VALUE DF LEVEL OF SIG. 
Oct 1.74 78 NS 
Feb 2.26 88 NS 
Mar 2.45 78 P < 0.02 
Apr 6.46 78 P <0.001 
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Fig. 3.25 The mean condition factor of complete shoal and surface 
fish sampled between October 1986 and April 1987. Dots 
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(e) Quantifying predation 
(1) Freshwater site 
The majority of stock at this site (70.7%) weighed less than 100g, 
17.6% weighed between 101 and 200g, 4.3% weighed between 201 and 300g 
and 7.4% weighed between 301 and 2 400g. 	Those weighing less than 
300g were stocked at higher densities than larger fish (t = 9.79, df 
209, P <0.001) and more dead fish per week were recorded from their 
cages (t = 5.79, df = 201, P <0.001) (Table 3.30). 
Herons did not take fish weighing more than 300g and so analysis was 
based on the figures relating to fish weighing less than this. Based 
on a mean figure of 230 dead fish a month from each cage containing 
fish of less than 300g, the monthly number of fish damaged and eaten 
by each age class of heron was calculated (Table 3.31). Over the 
twelve month period, the farm held approximately 640 825 trout 
weighing less than 300g and herons were estimated to have accounted 
directly for the deaths of 46 065 (7.2%) of them. The annual 
mortality rate of fish under 300g was found to be 17%, of which 42.2% 
could be directly attributed to heron predation. Heron losses at 
this site were estimated to be in the region of £36 850, based on the 
final market value of the trout. 
(ii) Marine site 
Over a 9 month period, 17 302 dead fish were examined and 800 (4.6%) 
were found to be damaged by birds, the majority of this damage 
142 
Table 3.30 	The mean number of fish held and the number of dead 
fish recorded per week for cages containing fish 
weighing less (or more) than 300g. 
NO. 
CAGES 
NO. FISH/CAGE NO. DEAD/CAGE 













Table 3.31 	The number of fish estimated to be damaged and eaten by 
both age classes of herons at a cage farm over a 12 
month period. For further details see text. 
ADULTS  FIRST-YEARS 
MONTH DAMAGED EATEN DAMAGED EATEN TOTALS 
Oct 84 1537 94 348 2063 
Nov 72 1317 112 414 1915 
Dec 196 3587 80 296 4159 
Jan 278 5087 78 289 5732 
Feb 440 8052 227 840 9559 
Mar 553 10120 194 718 11585 
Apr 137 2507 64 237 2945 
May 121 2214 40 148 2523 
Jun 103 1885 58 215 2261 
Jul 26 476 14 52 568 
Aug 25 458 15 56 554 
Sep 97 1775 70 259 2201 
TOTALS 2132 39015 1046 3872 46065 
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(83.6%) had been caused by herons and in terms of the overall 
recorded mortality, heron damaged fish represented only 3.9%. 
Financially, bird damaged fish accounted for 1.9% and of this, heron 
damaged fish accounted for 24.4% (Fig. 3.26). 
3.5.3 	Discussion 
At a cage farm the feeding sessions of both age classes lasted 
approximately 30 minutes. 	However, first-years were regularly 
displaced by aggressive adults, confirming Cook's (1987a) observation 
that adults were more successful in conflicts than younger herons. 
First-years spent shorter periods of time in one position and a 
larger proportion attempted to feed into the loch from the walkways 
or congregated on the shore adjacent to the farm, lending support to 
suggestions by Ficken and Ficken (1967 1, American Redstart) and 
Marquiss and Newton (1981, Sparrowhawk) that juveniles may be excluded 
from the most suitable areas by older birds. 
Although both age classes of heron were observed to take fish 
a similar size as were those studied by Draulans (1987b) feeding at 
high prey densities, adults (with a higher rate of successful 
strikes) had a higher intake rate than first-years in relation to the 
time spent feeding at the farm. 
Age related differences in feeding performance have been shown in 
many studies of piscivorous birds (eg. Orians 1969 - Brown Pelican, Recher .  
and Recher 1969 - Little Blue Heron, Dunn 1972 - Sandwhich Tern, Cook 
1978b - Grey Heron, Desgranges 1981 - Grey Heron, Greig etal 1983 - 
Herring Gull, Morrison et al 1978 - Olivaceous Cormorant, Searcy 1978 
- Glaucous-winged Gull, Quinney and Smith 1980 - Great Blue Heron, 
Brandt 1984 - Brown Pelican, Bildstein 1984 - White Ibis). 
32.6 
144 
Fig. 3.26 The financial outlay of a marine fish farm site over a 9 
month period, broken into 6 main components. Data were 
collected between October 1986 and April 19.87 
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Young birds were often able to compensate 
lower success by attempting more strikes (Desgranges 1981) or 
foraging more intently (Cook 1978b, Brandt 1984). At cages first-
year herons were not found to have a higher strike rate than adults. 
Draulans (1987b) found that first-years were less successful at 
foraging than adults at low prey densities, but that these 
differences decreased as prey density increased and at very high 
densities both age classes performed similarly. Despite the fact 
that the fish density in cages exceeded the maximum (80 000 ha') 
recorded by Draulans (1987b) CD Draulans pers. comm.) first-years had 
lower intake rates than adults in relation to the time spent feeding. 
However, a greater proportion of their time was spent feeding and 
consequently, in terms of the actual time spent at the farm, both age 
classes had similar intake rates. 
Herons killed at cages had eaten smaller fish than those killed at 
ponds, a difference probably related to the difficulties involved in 
pulling larger fish through the mesh of top nets. The lower success 
of younger birds, even at extremely high prey densities, was probably 
because they were less proficient at pulling the fish through the top 
net mesh. For every fish eaten, they dropped almost 5 times more 
fish than adults who often succeeded in removing fish with a single 
sharp pull. Many younger birds spent considerable lengths of time 
trying to extricate fish. One bird was observed holding a fish for 
over 5 minutes before finally dropping it back into the cage. 
Damaged fish were larger than those observed to be eaten, 
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demonstrating that birds had more difficulty in removing the larger 
fish from the nets. 
At the farm, intake rates were considerably higher than those 
recorded for either an estuarine habitat and adjacent freshwater 
streams (Cook 1978b, Richner 1986) or a sealoch shore (see 3.2.2d). 
Precise figures for a heron's daily food requirements are not 
available but are generally believed to be between 330 and 500g day 
(Cruetz 1958, Junor 1972, Cook 1978b, Meyer 1981a,b). Equations for 
existence metabolism of non-passerine birds are available (Kendeigh 
et al 1977) and differ little from Kushlan's general equation (1978) 
giving the food requirement of a heron weighing 1 500g as 268g of 
fish per day. To obtain this amount of food, herons at the cages 
with an intake of 3.3g min7l would only need to feed for 1.4 hours, 
well within the time available to them. It is very possible that 
many of the birds visiting the farm take all the food they need for 
their daily requirements from the cages and, in some cases, these 
requirements could be satisfied with one or two fish caught within a 
very short foraging period. Fish that have been manipulated by 
herons show characteristic wounds and associated scale removal 
(Ranson 1982, Ranson and Beveridge 1983). These initial traumatic 
wounds are caused by severe pressure from the bird's beak, and in 
some cases may lead to internal haemorrhaging in the muscles. 
Associated with this, areas of epidermis and scales are also often 
damaged, allowing myxobacteria to enter. Fish are often unable to 
heal such wounds, particularly if water temperatures are low, and so 
the bacterial infection spreads outwards and downwards through the 
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musciature, resulting in complete breakdown of the skin and even 
penetration of the body cavity. There is also the possibility of 
secondary fungal infection from Saprolegnia spp. (T O'Hara, Farm 
Health Manager, GSP, pers. comm.). Thus many of the fish dropped by 
herons die as a result of their wounds and are later removed from the 
cages by farm staff and are the only indication of predation. 
Meyer (1980, 1981a) found that less than 2% of trout at a pond farm 
had been attacked by herons. At the freshwater cages in the present 
study most fish were damaged during the winter months 
(December/March) when more birds foraged at the site, and up to 13.0% 
of dead fish a month were marked. However, throughout the year, 4.6% 
of dead fish were found to be damaged. Estimates of the increased 
mortality rate amongst damaged fish vary. Those at one cage trout 
farm on the Scottish west coast showed that, on average, 2.2% of all 
live fish were found to be wounded by birds, but more than 4.0% of 
the dead fish retrieved from these cages had wounds suggesting that 
they were almost twice as likely to die than undamaged individuals 
(Ranson 1982). At the marine site in the present study, 4.0% of all 
live fish were damaged compared with 26.3% of the dead fish, 
suggesting that in this case damaged fish were almost seven times 
more likely to die than undamaged fish. 
During the 1985/86 winter adults comprised 72% of the heron 
population exploiting the freshwater farm, and during this period 
8.3% of the dead fish were damaged by herons. In the following 
winter the marine site was visited exclusively by first-years and 
59.4% of the dead fish were damaged, endorsing earlier observations 
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that younger birds are responsible for damaging more fish than 
adults. In both cases most damage occurred during the months of 
severest weather, again endorsing earlier observations that predation 
was highest when foraging opportunities elsewhere were poor. 
At the freshwater site, where a high proportion of herons were adult, 
most fish were damaged on the operculum and very few on the tail. 
However, at the marine site exploited by first-years, proportions 
damaged on the operculum and tail were similar. As the prey species 
and top net mesh sizes were identical and prey densities similar in 
both cases, this gives some insight into the relative fish-catching 
abilities of each age class. First-years appear to have not yet 
learned the best way of holding a fish, and attack either end in 
similar proportions, while the more experienced adults choose the 
operculum region, or it may be that young birds have not yet learned 
to strike ahead of a swimming fish. 
The depth at which a heron can catch fish is obviously related to the 
combined length of its head and neck which was found to be 59cm on 
average. Neck lengths averaged 40cm, considerably longer than the 
'heron's reach' of 35cm quoted by Meyer (1981b). When on top nets it 
seems reasonable to assume that herons can only take fish swimming 
close to the surface. Fish sampled from the surface of cages were 
found to be smaller than those from the complete shoal, confirming 
the conclusion of Phillips (1985) that smaller fish aggregated closer 
to the surface than larger ones. Damaged fish were generally 
slightly larger than those at the surface and much smaller than the 
average for the whole cage. It seemed herons were selecting the 
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larger of the surface swimming fish. Regular grading was used to 
maintain size uniformity in individual cages, and although fish taken 
by herons from the surface were smaller and in poorer condition than 
those elsewhere, the majority of farmed fish invariably reach 
marketable size, though take longer to do so. Heron predation is, 
therefore, responsible for direct losses to a farm's marketable 
stock. 
The occurrence of some parasites among both wild and farmed fish 
populations can be extremely high. McGuigan and Sommerville (1985) 
surveyed the parasites of caged rainbow trout and wild fishes in the 
adjacent loch and found that all roach (Rutilus rutilus) and perch 
(Perca fluviatilis) and 65% of the 'feral' rainbow trout examined 
were infected with eye-flukes (Diplostoinum spp.), and amongst the 
caged fish 30 - 37% were infected. Infestations of the eyes by 
metacercariae of Diplostomum spp. can cause cataracts and blindness 
which affects behaviour in general, and feeding (Crowden and Broom 
1980) and anti-predator behaviour (Brassard et al 1982) in 
particular. 
The former authors found that heavily parasitised dace (Leucisus 
leucisus) were weakened by inadequate feeding and either remained 
motionless or moved slowly around just below the surface without 
attempting to feed. Indeed blind fish could easily be caught by hand 
from farm cages (pers. obs.). There is evidence that herons took 
high proportions of these blind fish from cages, and although this 
did not represent a direct loss to farmers as the fish were in poor 
condition and would have been rejected, there are implications for 
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re-infestation and parasite transfer between farm sites by herons 
acting as vectors. This has not yet been investigated. 
By recording only those dead fish damaged by herons, and not taking 
into account those actually consumed, farm staff are often grossly 
underestimating their losses. Herons at a freshwater site chose to 
feed at cages containing fish of less than 300g and were thought to 
be responsible for annual losses in the region of 7.0% of this stock, 
and over 40% of the deaths of fish of this size could be directly 
attributed to them. Although over 46 000 fish were estimated to be 
eaten or damaged per year at the farm, this loss was considerably 
less than that caused by humans, as cage nets were regularly attacked 
by people wishing to release farm stock into the loch for angling 
purposes. Over 20 000 fish may be released from one cage in a single 
night and several tens of thousands of fish were lost during the year 
(S Hart, pers. comm.). At a marine cage farm predation was again 
directed at the smaller fish, and although calculations did not take 
into account the fish that were consumed - as feeding birds were not 
observed intensively, and a 'fish eaten : fish dropped' ratio 
calculated - losses to herons as they were perceived by. farm staff 
were small in comparison to the other costs of running the farm. 
3.6 Heron Persecution at Fish Farms 
This section examines the data on persecution collected from several 
study farms, and attempts to quantify the number of herons killed 
throughout Scotland in years of differing levels of persecution. 
Heron ringing recoveries are also discussed. 
3.6.1 	Methods 
(a) Study farms 
During the first months of the study I spent considerable time 
gaining the confidence of fish farmers, several of whom were 
initially cautious about my motives for wanting information on the 
number of birds they killed. I visited ten sites regularly urging 
staff to record all the birds they killed and to keep as many of the 
carcases as possible. I also stressed the need for accurate 
identification - particularly with respect to differences between 
cormorants and shags and between adult and juvenile birds. Once 
farmers realised that I could be trusted and that providing me with 
dead birds did not lead to recrimination, they were very co-
operative, and I am confident that the information they provided was 
reliable. At these farms I was thus able to compare the number of 
birds killed during 1985/86 and 1986/87 with the figures provided by 
staff at these sites on their questionnaire returns. 
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(b) Estimating persecution on a national level 
In addition to the study farms mentioned above, I also kept in 
regular contact with ten other farms throughout Scotland, and 
collected information on the seasonality and severity of bird 
problems. Several of these farmers claimed to have no bird problem 
and after repeated discussions, I have no reason to disbelieve them. 
Consequently, I felt that questionnaire returns, which suggested that 
herons were killed at 70% of trout farms, 17% of tank and 11% of cage 
salmon farms, were reliable. By applying these proportions to the 
DAFS (1985) annual Scottish survey figures for the number and type 
(pond/tank or cage) of both rainbow trout and salmon-producing farms 
(which were completely accurate), I was able to estimate the total 
number of farms at which herons were killed. 
Data from study farms showed that during 1985/86 many farmers 
perceived their bird problem to be greater than usual and responded 
with higher levels of persecution. However, the following year 
brought few problems and lower levels of persecution. As I had 
accurate figures for the number of birds killed during these two 
years and the figures provided by staff on questionnaire returns, I 
was able to adjust the questionnaire figures (which dealt with an 
'average year') to estimate the number of birds killed in years of 
light and heavy persecution. In doing this I assumed that (i) the 
phenomenon of differing levels of predation/persecution in each year 
applied to farms throughout Scotland (regular contact with farms 
throughout the country certainly appeared to support this), and (ii) 
that the increased (or decreased) levels of persecution I recorded at 
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study farms in relation to questionnaire return figures, were the 
same - at all farms. 
Finally, as study farm data had shown that 36.9% of herons killed at 
cage farms, and 10% of those killed at pond farms, were adults, I was 
able to estimate the overall age ratio of killed birds. 
In attempting to quantify persecution throughout Scotland I was 
forced to use data from several sources and to make several 
assumptions. The data presented in this (and later) sections must, 
therefore, be viewed as the best estimates possible based on the 
limited information available, rather than as precise figures. 
(c) Ringing recoveries 
The recoveries of all herons ringed in Scotland from 1976 to 1986 
were analysed to determine the age distribution, timing and manner of 
death of birds and data for all recoveries within the study area were 
extracted. Recovery details of nestlings ringed at colonies in the 
study area during 1986 and 1987 were also analysed. 
3.6.2 	Results 
(a) Study farms 
Between March 1985 and August 1987, 115 dead herons (84 first-years 
(74.8%) and 29 adults (25.2%) ) were collected from five farms (Table 
3.32), and 96 could be assigned to one of four three-month periods, 
depending on their date of death (Table 3.33). 
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Table 3.32 	Details of the 115 dead herons examined - all had been 
killed at fish farms. 
FARM TYPE SPECIES LOCATION NO. HERONS 
Freshwater cage trout study area 63 (54.8) 
Marine cage trout & salmon study area 1 	(0.9) 
Marine cage trout & salmon study area 1 	(0.9) 
Freshwater pond trout Tayside 41 (35.6) 
Freshwater pond trout Tayside 9 	(7.8) 
Table 3.33 	The timing of adult and first-year persecution at study 
fish farms. Figures in parenthesis are percentages. 
MONTH OF 
DEATH ADULTS FIRST-YEARS 
Dec/Jan/Feb 6 (22.2) 23 (33.3) 
Mar/Apr/May 14 (51.8) ii 	(15.9) 
Jun/Jul/Aug 2 	(7.4) 15 	(21.7) 
Sep/Oct/Nov 5 	(18.5) 20 (29.0) 
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There was a different annual cycle of death for each age class (X2 = 
13.61, df = 3, P < 0. 01) with the largest proportion of first-
years being killed between December and February and the largest 
proportion of adults between March and May (Fig. 3.27). The manner 
of death was (i) different for each age class (X2 = 13.37, df = 1, P 
<0.001) with the majority of first-years being shot and most adults 
drowned, and (ii) also differed between cage and pond farms (X 2 = 
39. 31, df = 1, P <0.001) with all drowned birds coming from cage 
farms and a larger proportion of shot birds originating from pond 
sites (Table 3.34) (Fig. 3.28). Consequently, proportionately more 
adults were killed at cage farms (X2 = 9.48, df = 1, P < 0,0i) - 
36.9% of birds killed at cage farms were adult while only 10.0% of 
those at pond sites were. 
During 1985/86, more birds (n = 73) were killed than in the following 
year (n = 42) and farmers generally thought their heron problems were 
bigger during the winter of 1985/86. It is estimated that between 
1069 and 1936 herons are killed annually per year at Scottish fish 
farms, of which between 141 and 287 (approximately 14.0%) are adults, 
based upon questionnaire return figures and study farm data (Table 
3.35). 
(b) National ringing recoveries 
Up to the end of 1987, a total of 399 recoveries had been recorded 
for herons ringed in Scotland. Of these, 9 were recovered outside 
the UK and 8 were injured or sick birds taken into care. Therefore 
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Fig. 3.27 The proportion of adult (n = 24) and first-year (n = 50) 
herons killed at 5 fish farms in each of 4 three-month 
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ADULTS FIRST-YEARS CAGES PONDS 
NO. NO. NO. NO. 
Shot 8 (27.6) 58 (67.4) 24 (36.9) 42 (84.0) 
Poisoned 2 (6.9) 4 (4.6) 1 (1.5) 5 (10.0) 
Drowned 19 (65.0) 21 (24.4) 40 (61.5) 0 - 
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shot 	poison 	drown 	caught 
manner of death 
PONDS/TANKS CAGES TOTALS 
ALL BIRDS 
AD FlY AD F/Y AD F/Y  
'Heavyl Trout 88-140 797-1210 89-115 152-197 177-255 949-1407 1126-1662 
Persecution 
Salmon 17- 25 149-229 6- 	7 10- 13 23- 32 159- 242 182- 274 
Totals 105-165 946-1439 95-122 162-210 200-287 1108-1649 1308-1936 
'Light' Trout 80-122 716-1093 42- 54 71- 92 122-176 787-1185 909-1361 
Persecution 
Salmon 15- 23 137- 203 3- 	4 4- 	5 19- 27 141- 208 160- 235 
Totals 95-145 853-1296 45- 58 75- 97 141-203 928-1393 1069-1596 
¼fl 
382 recoveries were available for analysis. 
	
(1) 	Cause of death 
The majority of heron recoveries were of birds 'found dead', followed 
by birds killed by human causes (including shooting and death at fish 
farms), accidental deaths (wires, electric fence, road and railway 
casualties) and predation (by dogs and foxes) (Table 3.36). For the 
60 birds known to have been deliberately killed by man, the majority 
were killed at fish farms (Table 3.37), while the remainder were shot 
at other sites. At farms most birds were shot, but some were 
poisoned, drowned or caught in nets. Recoveries showed that most of 
the birds shot (76.9%) were first-years. 
Seasonal pattern of recoveries 
This was determined for 346 birds with accurate death dates (Fig. 
3.29). For analysis the numbers killed in each bi-monthly period 
were calculated (Table 3.38). First-years had a different pattern of 
recovery from older birds (X 2 = 31.0 )  df = 5, P <0.001) with the 
largest proportion of recoveries during January and February, while 
the largest proportion of older birds was recorded during May and 
June. 
Age at death 
This was determined for 380 birds (Table 3.39) and the largest 
proportion of recoveries (74.2%) was of birds dying within their 
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'Found Dead' 266 69.6 
Human Causes 60 15.7 
Accidents 53 13.9 
Predated 3 0.8 
Table 337 	The manner of death for 39 herons killed at fish farms. 
Data from ringed bird records. 
CAUSE OF 
DEATH NO. 
Shot 24 61.5 
Poisoned 6 15.4 
Drowned 4 10.3 
Caught in 3 7.7 
nets 
Other 2 5.1 
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Fig. 3.29 The seasonal pattern of ringed bird recoveries (n = 346) 
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Table 3.38 	The timing of death in relation to heron age class. 
Data from ringing recoveries. 
MONTH OF 
DEATH 
FLY  Al)  
NO. NO. 
Jan/Feb 76 29.1 18 21.2 
Mar/Apr 54 20.7 19 22.4 
Nay/Jun 25 9.6 27 31.8 
Jul/Aug 29 11.1 11 12.9 
Sep/Oct 40 15.3 4 4.7 
Nov/Dec 37 14.2 6 7.1 
Table 3.39 	The age at death for 380 herons ringed in Scotland and 
recovered in the UK. 
AGE AT DEATH 
RECOVERIES 
(YRS) NO. 
0+ 282 74.2 
1+ 48 12.6 
2+ 26 6.8 
3+ 14 3.7 
4+ 2 0.5 
5+ 7 1.8 
6+ 1 0.3 
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first year of life. Since 1979 relatively large numbers of heron 
nestlings have been ringed annually in Scotland, reaching a peak in 
1984 when 692 nestlings were ringed (M Marquiss pers. comm). Those 
birds ringed in later years and dying at a young age will be included 
in the table, but not those dying later in life, and it should 
therefore be noted that the data presented will be biased to some 
extent in favour of the recoveries from younger birds. 
(iv) Recoveries of birds ringed in the study area 
During the 1986 and 1987 breeding seasons, 195 heron nestlings were 
ringed at 4 colonies. By the end of December 1981, 13 rings 
(representing 6.7% of the nestlings ringed) had been recovered. Of 
these, 5 were dead in or below nests in 1987 and one in 1986, and of 
the remaining 7 recoveries, all birds fledged from the Loch Awe 
colony (see 3.7), one was recovered dead on Mull, one was found close 
to Loch Awe on the River Avich and the remaining 5 were all killed at 
the fish farm nearby. All the 5 fish farm recoveries were from 
nestlings that had hatched from eggs layed after the median lay-date 
and 4 were killed in their first winter while the fifth was killed 
the following summer, possibly indicating that chicks hatching later 
in the season stay closer to their natal colonies over (at least) 
their first winter. 
During ringing it was noticed that several nests at the Loch Awe 
colony close to the fish farm had failed around the same time that 
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birds had been killed at the farm. Net failures increased as larger 
numbers of birds were killed at the farm (Fig.3.30). 
	
(v) 	Recoveries within the study area 
Ten ringed birds were recovered within the study area (Fig. 3.31). 
They were ringed as nestlings at Palnackie, Kirkudbright (155km), 
Tentsmuir, Fife (115km), Loch Leven, Kinross (107km), Dollar, 
Clackmannan (92km), Aberfeldy, Tayside (85km - 2 birds) and 
Pitlochry, Tayside (911am - 4 birds). 
3.6.3 	Discussion 
Protection under the Wildlife and Countryside Act (1981) makes it an 
offence to kill, injure or take any wild bird (Section 1 (1) (a) ). 
The Secretary of State's licensing policy under this Act, as it 
relates to the protection of inland fish farms, was decided after 
consultation with the Nature Conservancy Council (NCC), as required 
by the Act. Under that policy the Department of Agriculture and 
Fisheries for Scotland (DAFS) may grant licences to kill herons at 
freshwater fish farms where deterrents have been tried and shown to 
fail and when serious damage has been proven. However, section 4 (3) 
(c) of the Act relates to defensive shooting whereby no offence is 
committed if birds are killed to prevent serious damage to livestock 
or fisheries. It is, therefore, left up to the individual to decide 
whether the predation he is experiencing constitutes 'serious 
damage', a decision that could he challenged in court. In the case 
of marine fish farms the policy is not to grant licences for the 
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Fig. 3.30 The number of failed nests at a colony close to a fish 
farm on Loch Awe in relation to the number of birds killed 
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Fig. 3. 31 The movements of herons ringed as nestlings and recovered 
dead within the study area. Figures represent the number 








destruction of birds because 'measures against predation can be 
effective'. Thus it would be possible for a cage farmer on a 
freshwater loch to be granted a licence, while a farmer on a sealoch 
with identical cages and netting would not. 
Published figures show that in 1983 and 1984, 34 and 44 birds were 
killed annually under licence at Scottish fish farms (Kilroy-Silk 
1986). Questionnaire returns in this study suggest it is quite 
possible for similar numbers to be killed at a single farm each year. 
Heron persecution at Scottish farms is widespread both at freshwater 
and marine sites, being highest at rainbow trout farms. 
The majority of birds killed at farms were first-years, endorsing 
observations by Meyer (1981b) and van Vessem et al (1985) that 
younger birds are more vulnerable to persecution. Most of the birds 
examined from Scottish farms had been shot, while others had drowned 
and a small number had been poisoned. However, the manner of death 
differed between pond and cage farms, drowned birds only being 
reported at cages. Here birds feed through the top nets and it is 
possible for them to fall through holes in these nets into cages. 
Many farmers deliberately holed nets or failed to make repairs in 
order to catch birds which were usually left to drown, or removed and 
shot. Although this method of persecution is non-selective in 
relation to age class, it may be expected that less experienced 
first-years would be more vulnerable. However, as has already been 
discussed (see 3.4.2c), adults are often dominant on top nets and it 
is thought as a consequence, a higher proportion of them were killed 
at cage farms. At pond farms birds feeding from the banks (Meyer 
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1981a,b) could not be drowned and so the majority were shot. 
Consequently a higher proportion of first-years were killed at these 
sites, younger birds being more vulnerable to shooting (Meyer 1981b, 
van Vessem et al 1985). Most farmers disagree with Meyer's widely-
quoted conclusion (1981a) that shooting is not cost-effective. It 
may cost up to £350 adequately to protect a fish pond and cage top 
nets cost in the region of £60 each, depending on their area and mesh 
size, and as sites may have up to a dozen ponds or 40/50 cages, such 
protection is expensive. Set against this is the widely held (if 
unfounded) belief that shooting reduces predation, and as cartridges 
can be bought in bulk at wholesale prices, the attraction of this 
option is obvious. 
In questionnaire returns several farmers claimed to poison birds by 
laying out bait, a method used at several of the sites studied. 
Poisoning tended to be more prevelant at pond farms, many of which 
were located in small residential areas where the opportunities for 
shooting may have been restricted. The most commonly used poison was 
alpha-chlorolose, a narcotic which acts on the hypothalmus affecting 
temperature regulation. Victims suffer thermal shock and become 
immobilised. Mevinphos, an organophosphorus compound highly toxic to 
birds and mammals was also used at some farms. Alpha-chiorolose, 
unlike Mevinphos, often has a considerable time-lag between being 
taken and narcotisation. Thus it may be difficult to locate victims 
which may be widely dispersed. In several instances baits at farms 
had disappeared, but dead herons were not recovered, and in one case 
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an adjacent tenant is reported to have found several dead herons on 
his land. 
Other methods of persecution include placing wires above farms in an 
attempt to tangle birds in flight, spikes and leg-traps on poles 
around sites and nest destruction at heronries, involving both tree 
felling and shooting nests. 
Killed herons may soon be replaced by others because of the 
attractiveness of the farm (Draulans 1987a) and ringing recoveries 
from farms within the Argyll study area indicate that some of the 
birds killed there originated from considerable distances away. 
Persecution is thus unlikely to reduce the number of birds visiting a 
farm (see also Meyer 1981a,b, Reichholf 1982, Utschick 1983). 
Meyer (1981a,b) suggested that in some regions where persecution is 
high, recruitment from the local production of young is probably 
insufficient to sustain the heron population, and it may become very 
seriously depleted. 	Whether persecution leads to a long-term 
population decline depends on whether it replaces or adds to the 
natural mortality. Populations will not decline if the increased 
mortality from persecution merely reduces that due to natural causes. 
Only when persecution, or a combination of persecution and natural 
mortality, exceeds that of natural mortality alone will a population 
decline (Newton 1979). Periods of natural mortality may vary from year to 
year according to weather conditions, so mortality from shooting for 
instance may be additive in some years and not in others. The timing of 
persecution is also important. The largest proportion of first-years 
:were killed at the farm during the winter months and many of them were 
underweight, some weighing as little as 900g. The largest proportion of 
older birds was killed between March and May. 
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between March and May. 	Several analyses of ringing returns Mead et 
al 1979 (UK), Draulans et al 1986 (Belgium, this study (Scotland) ) 
have shown that the heaviest first-year mortality occurs during the 
winter, while older herons die later in the season. Much of the 
first-year mortality, which can be related to the severity of the 
weather (North 1979, Marquiss et al 1983) and may approach 100% in 
the coldest winters, is thought to be from starvation, while the 
stress involved in breeding may predispose the less fit older birds 
to die. It may, therefore, be that persecution at farms is in many 
cases merely cropping an expendable, and already doomed, surplus. 
Meyer (1981b) suggested that adult persecution during the breeding 
season may result in the deaths of abandoned nestlings. There is 
evidence from a colony close to a fish farm where birds were heavily 
persecuted that the number of failed nests was related to the number 
of birds killed at the farm. However, in this case, the colony size 
was thought to be artificially high because of the presence of the 
farm (see 3.7.3), and so nestling losses were not thought to affect 
the overall 'natural' population. 
By extrapolation from questionnaire returns and taking into account 
the levels of persecution at study farms, it is estimated that 
between 1 069 and 1 936 herons per year are killed at Scottish fish 
farms, of which approximately 14.0% are adults. The actual numbers 
killed per year will vary; in some years predation and hence 
persecution is relatively low, while in others birds appear to cause 
great problems at farms and persecution increases. However, even in 
years of low persecution, it is likely that about 1 000 birds will be 
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killed. Although up to 2 000 may be killed annually, representing 
17.5% of the Scottish mid-winter population - estimated to be 11 400 
(Marquiss, in Lack 1986), only about 280 birds are likely to be 
adults. Based on the 1985 BTO census of Scottish heronries (Narquiss 
in press), this represents only 3.7% of the estimated number of 
breeding birds. Moller and Olesen (1983) found that shooting 
probably accounted for more than 25% of the Danish autumn heron 
population annually, but concluded that this level of persecution did 
not appear to limit the population size. 
Marquiss (in press) concluded that in past heronry censuses, 
population deviations of les than 30% could not be detected, and that 
even with refined techniques in the field, it seemed unlikely that 
changes of less than 10% in the heron breeding population could be 
detected. It, therefore, seems unlikely that the present levels of 
persecution will reduce the Scottish heron population, but even more 
unlikely that, if it was to occur, such a reduction could be detected 
in the short term. 
3.7 The Effect of Fish Farms on Heron Breeding Performance 
This section examines the relationship between diet and various 
aspects of the breeding cycle of herons at several colonies. Those 
where birds fed on naturally occurring marine and freshwater fish 
were compared with a colony where birds appeared to feed almost 
exclusively on rainbow trout taken from a nearby fish farm. 
3.7.1 	Methods 
Production was monitored at colonies where nests could be visited 
with relative ease and the nest contents recorded. The number of 
eggs or chicks were counted and the wing length of all chicks was 
measured (to the nearest mm). Wing lengths, rather than culmen 
lengths (van Vessem and Draulans 1986), were used to estimate the 
date of hatch (Marquiss in prep.) and, by assuming an incubation 
period of 28 days (Milstein et al 1970, van Vessem and Draulans 
1986), the onset of laying could be determined. Larger chicks were 
ringed with numbered metal leg rings issued by the British Trust for 
Ornithology (BTO). 
The brood size at fledging was estimated from the known wing lengths 
of all chicks alive in the nest (Marquiss in prep.), together with 
those subsequently found dead in the vicinity of the nest. 
As a response to being approached, chicks often regurgitated food; 
these regurgitates were collected and analysed in a similar manner to 
the contents of dead birds' stomachs (see 3.5.1b). At every colony 
all spilled food items, hatched and broken eggshells, together with 
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any addled eggs, were removed from nests and collected from tree 
branches and ground below nests. 
At the other heronries, where the trees could not be climbed and 
nests visited, hatch-dates and consequently lay-dates were determined 
from the hatched eggshells which are removed from the nest by adults 
shortly after hatching and are a good indicator of recent hatching 
(Milstein et al 1970). Visits were made every 7/14 days during the 
hatching period and it 'was possible, by examining the shells, to 
determine the date of hatch to the nearest week. At these 'colonies 
the majority of food samples consisted of spilled prey items, but 
occasionally chicks were alarmed by collection activities below the 
nest and regurgitated food. 
Spilled items may be expected to produce a biased view of heron diet 
during the breeding season. Larger food items too large for chicks 
to swallow may be discarded or accidentally dropped during 
manipulation. These larger, heavier items may fall more easily 
through the canopy than smaller, lighter ones and be over-represented 
on the ground. Here smaller items may decompose quicker and also be 
harder to find than larger ones. The size composition of items in 
regurgitates and spilled food was, therefore, compared for as many 
species as possible and for all the items collected. 
3.7.2 	Results 
During 1986 and 1987, diet and production were monitored at 3 
colonies, two (on Loch Feochan and Seil Island) were on the coast and 
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the third was close to the large freshwater cage farm discussed 
previously and 9.5km from the sea. A fourth 'inland' colony, 3.5km 
south of Loch Etive, was monitored during the 1987 season only. 
Two other colonies (on Loch Etive and Loch Creran) were visited 
regularly during both seasons, but the trees could not be climbed and 
more limited data were collected. 
A total of 630 prey items were collected and full details are given 
in Appendix 2. 
(a) Regurgitates 
The 19 regurgitates collected from the Seil Island colony contained 
81 food items, of which 74 (91.4%) were fish, 6 (7.4%) were 
crustaceans and 1 (1.2%) was a mammal (Table 3.40). Similar 
proportions were recorded amongst the 74 items found in the 14 
regurgitates from the Loch Feochan heronry where the majority (94.6%) 
were fish, 2 (2.7%) were crustaceans and 2 (2.7%) were mammals (Table 
3.41). At the fish farm colony 23 regurgitates were collected and 
all 166 food items were fish (Table 3.42). Individual fish ranged in 
weight from 1 to 185g, so somewhat differing pictures emerged when 
diet was expressed numerically and in terms of prey weight (Table 
3.43, Fig.3. 32). At. the coastal colonies regurgitates tended to 
contain a large proportion of small fish and a small proportion of 
larger, heavier salmonids, while at the fish farm colony, in terms of 
both numbers and weight, the diet of chicks was dominated by a single 
species - rainbow trout. 
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Table 3.40 	Prey items from regurgitates (n = 19) collected from a 
heronry on Seil Island in. 1986 and 1987. 
NO. OF % 
NO. OF REGURGITATES TOTAL NO. 
PREY SPECIES SPECIMENS CONCERNED EXAMINED 
Butterfish 8 5 26.3 
3 Sp. Stickleback 26 5 26.3 
15 Sp. Stickleback 10 5 26.3 
Corkwing Wrasse 5 3 15.8 
Long Sp. Sea Scorpion 5 3 15.8 
Common Eel 4 3 15.8 
Golsinny Wrasse 3 1 5.3 
Plaice 2 1 5.3 
Clupeoid spp. 2 1 5.3 
Salmon Smolt/Parr 1 1 5.3 
Salmon Smolt 1 1 5.3 
Salmon/Sea Trout 1 1 5.3 
Salmonid spp. 1 1 5.3 
Rainbow Trout 1 1 5.3 
Viviparous Blenny 1 1 5.3 
2 Spot Coby 1 1 5.3 
Shanny 1 1 5.3 
Gadoid spp. 1 1 5.3 
Shore Crab 2 2 10.5 
Prawn 2 2 10.5 
Crab spp. 1 1 5.3 
Idotea spp. 1 1 5.3 
Common Shrew 1 1 5.3 
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Table 3.41 	Prey items from regurgitates (n = 14) collected from a 
heronry on Loch Feochan in 1986 and 1987. 
NO. OF % 
NO. OF REGURGITATES TOTAL NO. 
PREY SPECIES SPECIMENS CONCERNED EXAMINED 
Salmon Parr 31 5 35.7 
Butterfish 7 4 28.6 
Gadoid spp. 11 3 21.4 
Common Eel 3 3 21.4 
Salmonid spp. 5 2 143 
Sea Trout/Salmon 4 2 14.3 
Minnow 3 1 7.1 
3 Sp. Stickleback 1 1 7.1 
15 Sp. Stickleback 1 1 7.1 
Long Sp. Sea Scorpion 1 1 7.1 
Flounder 1 1 7.1 
Flatfish spp. 1 1 7.1 
Saithe 1 1 7.1 
Shore Crab 2 1 7.1 
Bank Vole 2 2 14.3 
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Table 3.42 	Prey items from regurgitates (n = 23) collected from a 











Rainbow Trout 54 16 69.6 
Salmonid spp. 11 4 17.4 
Salmon Parr 17 2 8.7 
Minnow 14 2 8.7 
Brown Trout 2 2 8.7 
Perch 2 2 8.7 
Brook Lamprey 15 1 4.4 
Common Eel 1 1 4.4 
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Table 3.43 	Fish prey species by number and weight from 
regurgitates collected in 1986 and 1987. 
(a) Seil Island 
SPECIES NO. WI. (g) 
Butterfish 8 10.8 33 3.8 
3 Sp. Sticklebacck 26 35.1 55 6.4 
15 Sp. Stickleback 10 13.5 33 3.8 
Corkwing Wrasse 6 8.1 139 16.0 
Long Sp. Sea Scorpion 5 6.8 60 6.9 
Common Eel 4 5.4 77 8.9 
Coidsinny Wrasse 3 4.0 36 4.2 
Plaice 2 2.7 35 4.0 
Clupeoid spp. 2 2.7 16 1.8 
Salmon Smolt/Parr 1 1.4 83 9.6 
Salmon Smolt 1 1.4 44 5.1 
Salmon/Sea Trout 1 1.4 104 12.0 
Salmonid spp. 1 1.4 94 10.8 
Rainbow Trout 1 1.4 51 5.9 
Vivparous Blenny 1 1.4 2 0.2 
2 Spot Goby 1 1.4 1 0.1 
Shanny I 1.4 3 0.4 
Totals 74 - 866 - 
(b) Loch Feochan 
SPECIES NO. WT. 	(g) 
Salmon Parr 31 44.3 197 27.6 
Butterfish 7 10.0 36 5.0 
Gadoid spp. 11 15.7 47 6.6 
Common Eel 3 4.3 37 5.2 
Salmonid spp. 5 7.1 113 15.8 
Sea Trout/Salmon 4 5.7 261 36.6 
Minnow 3 4.3 6 0.8 
3 Sp. Stickleback 1 1.4 3 0.4 
15 Sp. Stickleback 1 1.4 1 0.1 
Long Sp. Sea Scorpion 1 1.4 1 0.1 
Flounder 1 1.4 1 0.1 
Flatfish spp. 1 1.4 9 1.3 
Saithe 1 1.4 2 0.3 
Totals 70 - 714 - 
(c) Loch Awe colony close to fish farm. 
SPECIES NO. 4T. 	(g) 
Rainbow Trout 54 46.6 2805 75.8 
Salmonid spp. ii 9.5 582 15.7 
Salmon Parr 17 14.7 117 3.2 
Minnow 14 12.1 16 0.4 
Brown Trout 2 1.7 64 1.7 
Perch 2 1.7 13 0.4 
Brook Lamprey 15 12.9 15 0.4 
Common Eel 1 0.9 90 2.4 
Totals 116 - 3707 - 
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Fig. 3.32 The main prey species by number and weight collected in 
regurgitates during the 1986 and 1987 breeding seasons. 
Only species which formed at least 5% of the diet by 
number or weight are included. Data for 3 colonies, 
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Similar numbers of fish were found in regurgitates from the coastal 
colonies (t = 0.97, df = 30, NS) and these were compared with those 
from the fish farm heronry (t = 0.48, df = 53, NS), with each 
containing on average 4.7 fish (SE = 0.55). Fish in regurgitates 
from coastal colonies had similar weights (t = 0.60, df = 142, NS) 
averaging 10.8g (SE = 1.57), but those from the fish farm heronry 
were almost 3 times heavier (t = 6.35, df = 258, P <0.001) averaging 
32.3g (SE = 3.2) (Table 3.44). 
Fewer regurgitates were collected at the remaining colonies: the 4 
from the Loch Creran heronry contained 17 fish (Table 3.45) and a 
single rainbow trout was collected from the Loch Etive colony, while 
the 2 regurgitates from the 'inland' colony contained 5 brown trout 
and an unidentified salmonid. 
(b) Regurgitated and spilled food comparisons 
No difference was found in the size composition of regurgitated and 
spilled items for any of the species for which large enough samples 
were available (Table 3.46) and when all regurgitated items (n = 258) 
were compared with all the spilled items (n = 318), again there was 
no difference in size composition (t = 0.10, df = 574, NS). Thus the 
expected over-representation of large items amongst spilled food 
samples was not found, and so data from both spills and regurgitates 
were combined to increase sample sizes. For analysis, fish were 
divided into one of 4 groups: 
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Table 3.44 	Regurgitate data for 3 colonies within the study area. 






FISH MEAN NO. FISH MEAN FISH Wr.(g) 
Sell Island 19 74 3.95 	(0.75) 12.14 	(2.44) 
Loch Feochan 14 70 5.31 	(0.68) 10.20 	(2.08) 
Loch Awe 23 116 5.04 	(0.91) 32.27 	(3.20) 
3 Colonies 
Combined 56 260 4.73 	(0.55) - 	- 
Table 3.45 	Prey items from regurgitates (n = 4) collected from a 










Butterfish 10 2 50.0 
Long Spined Sea 
Scorpion 2 2 50.0 
Flounder 2 1 25.0 
Saithe 2 1 25.0 
15 Sp Stickleback 1 1 25.0 
Table 3.46 	Comparisons of regurgitated and spilled food samples 
for 7 fish groups and all items collected. Colony 1 = 
Sell Island, 2 = Loch Feochan and 3 = Loch Awe. 







REG. SPILL t-VALUE DF 
LEVEL 
OF SIG. 
Rainbow Trout 3 53 	82 15.85 	15.21 0.443 0.456 0.985 133 NS 
Salmonid spp. 3 11 	15 16.00 	18.53 0.853 1.133 0.718 24 NS 
Saimonid spp. 1,2 7 	4 11.57 	15.25 1.645 2.780 1.227 9 NS 
Brown Trout 1,2,3 7 	5 16.71 	13.80 1.375 1.068 1.557 10 NS 
Butterfish 1,2,3 26 	53 12.00 	12.28 0.355 0.270 0.614 77 NS 
Long Sp.S Scorpion 1,2 8 	19 9.25 	9.95 1.065 0.559 0.634 25 NS 
15 Sp.Stickleback 1,2 11 	22 10.36 	9.23 0.730 4.690 1.154 31 NS 
All Fish 1,2,3 258 	318 12.16 	12.24 0.898 0.309 0.102 574 NS 
00 
RWR 
Marine shore fishes - butterfish, 15 spined stickleback, 
long spined sea scorpion, corkwing wrasse, goidsinny 
wrasse, 	plaice, 	clupeoids, 	flounder, unidentified 
flatfish, viviparous blenny, 2 spot goby, shanny, 
lumpsucker and painted goby. 
Marine gadoids - cod, saithe and unidentified gadoids. 
Predominantly freshwater salmonids - brown trout, 
salmon/sea trout, salmon smolt/parr, unidentified 
salmonids and rainbow trout. 
'Other' predominantly freshwater fishes - 3 spined 
stickleback, minnow, common eel, perch and brook lamprey. 
The number and weight of fish in each category were calculated for 
each heronry. Each of the 5 colonies where birds fed almost 
exclusively in the natural habitat (Seil Island, Loch Feochan, Loch 
Creran, Loch Etive and 'inland') showed a different pattern (Table 
3.47, Fig, 3.33). Combining these data showed that the overall 
picture for herons within the study area was one where numerically 
shore fishes were the most commonly recorded group, followed by 
'other' fishes, salmonids and gadoids, while in terms of weight 
salmonids were the most important group, followed by shore fishes, 
'other' fishes and gadoids (Fig. 3.34). 
For the fish farm colony, salmonids were the most important group of 
which rainbow trout were identified as forming 74.3% by number and 
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Table 3.47 Diet by number and weight (g) at 5 heron colonies in 
terms of 4 fish groups. See text for details. 
SElL ISLAND LOCH FEOCHAN 
NO. 	% 	WI. NO. 	% 	WT. 	% 
(A) Shore 52 43.3 481 33.5 19 22.3 105 10.2 
(B) Gadoid 24 20.0 121 8.4 15 17.6 62 6.0 
(C) Salmonid 8 6.7 617 42.9 40 47.1 571 55.4 
(D) 'Others' 36 30.0 218 15.2 11 12.9 293 28.4 
Totals 120 - 1437 - 85 - 1031 - 
'INLAND COLONY' LOCH FIIVE 
NO. 	% 	WI. NO. 	% 	WI. % 
 Shore 79 61.2 547 34.3 13 59.1 72 25.5 
 Gadoid 1 0.8 237 14.9 4 18.2 36 12.8 
 Salmonid 11 8.5 546 34.4 4 18.2 141 50.0 
 'Other' 38 29.5 258 16.2 1 4.6 33 11.7 
Totals 129 - 1588 - 22 - 282 - 
LOCH CRERAN 5 COLONIES COMBINED 
NO. 	% 	WI. NO. 	% 	WI. 
(A) Shore 19 65.5 131 67.9 182 43.3 1336 29.5 
(B) Gadoid 9 31.0 58 30.0 53 13.3 514 11.3 
(C) Salmonid 1 3.4 4 2.1 64 16.6 1879 41.5 
(D) 'Other' 0 - 0 - 86 22.3 802 17.7 
Totals 29 - 193 - 385 - 4531 - 
Fig. 3.33 The diet by number and weight in terms of 4 fish groups, 
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Fig. 3. 34 The diet by numbers and weight at heronries within the 
study area in relation to 4 fish groups. 
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76.1% by weight. 'Other' fishes and shore fishes represented only a 
very small fraction of the diet (Table 3.48, Fig. 3.35). Over the 
two breeding seasons 46 nests were occupied at this colony and 
regurgitate and/or spilled food samples were collected from 32 
(69.6%) of these, 26 (81.2%) contained rainbow trout. Although the 
majority of these fish were partially digested and/or decomposed, the 
stomach contents of 12 were examined and all were found to contain 
fish farm pellet food. 
(c) Diet changes during the breeding season 
Salmonids and shore fishes were the most commonly recorded groups 
during May, but 'other' fishes were also taken. In June the 
proportion of these other fishes increased while that of shore fishes 
and salmonids fell. Small numbers of gadoids were also recorded. 
During July the diet was dominated by shore fish and gadoids, 
salmonids continued to decline and smaller numbers of 'other' fishes 
were recorded. During August the diet was again dominated by shore 
fishes, numbers of 'other' fishes increased, while the proportions of 
gadoids fell and salmonids reached their lowest levels (Table 3.49, 
Fig. 3.36). 
At the fish farm heronry rainbow trout were found throughout the 
breeding season in over 60% of the samples, and were the commonest 
prey item in every month. Other sairnonids decreased throughout the 
season and none were recorded in July, while 'other' fishes appeared 
in samples during May and fell slightly during July (Table 3.50, 
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Table 3.48 	Diet by number and weight (g) at a colony close to a 
fish farm on Loch Awe in . terms of 4 fish groups. See 
text for details. 
NO. WE. 
 Shore 2 0.9 7 0.01 
 Gadoid 0 - 0 - 
 Salmonid 183 79.6 9194 98.3 
 'Other' 45 19.6 153 1'.6 
Totals 230 - 9354 - 
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Fig. 3.35 Diet by number and weight at a heronry close to a fish 
farm on Loch Awe in relation to 4 fish groups. 
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Table 3.49 	Diet changes during the breeding season at heronries 
within the study area in terms of 4 fish groups. 
MAY (n=9) JUNE (n=11) 
NO 	NO. NO. 	NO. 
ITEMS SAMPLES SAMPLES ITEMS SAMPLES SAMPLES 
(A) Shore 7 4 44,4 58 17 41.5 
(B) Gadoid 0 0 - 2 2 4.9 
(C) Salmonid 22 4 44.4 30 13 31.8 
(D) 'Other' 5 3 33.3 61 18 43.9 
JULY (n=23) AUGUST (n=20) 
NO 	NO. NO. 	NO. 
ITEMS SAMPLES SAMPLES ITEMS SAMPLES SAMPLES 
(A) Shore 25 13 56.5 92 16 80.0 
(B) Gadoid 40 11 47.8 13 5 25.0 
(C) Salmonid 4 4 17.4 4 2 10.0 
(D) 'Other' 8 6 21.6 14 7 35.0 
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Fig. 3.36 Diet changes during the breeding season at heronries 
within the study area in terms of 4 fish groups, data 
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Table 3. 50 	Diet changes during the breeding season at a heronry 
close to a fish farm on Loch Awe in terms of 3 fish 
groups. 
APRIL(n=8) MAY (n=17) 
NO 	NO. NO. 	NO. 
ITEMS SAMPLES SAMPLES ITEMS SAMPLES SAMPLES 
Rainbow 19 7 87.5 64 15 88.2 
trout 
Other 11 4 50.0 9 5 29.4 
Salmonids 
'Other' 0 0 - 3 1 5.9 
fish 
JUNE (n=27) JULY (n=9) 
NO 	NO. NO. 	NO. 
ITEMS SAMPLES SAMPLES ITEMS SAMPLES SAMPLES 
Rainbow 44 18 66.7 10 6 66.7 
trout 
Other 23 7 25.9 0 0 - 
Salmonids 
'Other' 42 7 25.9 3 2 22.2 
fish 
I .. 
(Fig. 3.37). The main dietary constituents did not change during the 
breeding season as they did at the other colonies, but were dominated 
by a single species - rainbow trout. 
(d) Diet changes between breeding seasons 
Data from the Seil Island and Loch Feochan heronries show that the 
diet varied significantly between the two breeding seasons (X2 = 
78.5, df = 3, p <0.001) with all but one gadoid being recorded during 
1986 and a much larger proportion of salmonids occurring during the 
following year (Table 3.51). Herons at both colonies bred earlier in 
1987 than 1986 (see 3.7.2 e) and consequently some samples in 1987 
were collected earlier in the season than those in 1986, and some of 
the 1986 samples were collected later in the year than those in 1987. 
A total of 43 samples containing 152 prey items (74.5% of all those 
examined from these colonies) were collected on similar dates in both 
seasons (Table 3.52) and analysis showed that the diet again varied 
between years (X2 = 49.83, df = 3, p <0.001). It was, therefore, 
concluded that the differences were not caused by differences in the 
date of collection but by changes in the abundance of various groups 
in the natural environment. 
At the fish farm colony diet did not change between the two seasons 
(X2 = 3.37 ) df = 1, NS), salmonids were the most commonly recorded 
group and within this, rainbow trout were the most commonly recorded 
species (Table- 3.53). Here diet must have been less influenced by 
the availability of natural food because the main food source was the 
fish farm. 
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Fig. 3.37 Diet changes during the breeding season at a heronry 
close to a fish farm on Loch Awe in terms of 3 fish 
groups, data from Table 3,50 
month 
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Table 3. 51 	Dietary differences between breeding seasons for Loch 






 Shore 19 20.4 51 46.0 
 Gadoid 39 41.9 1 0.9 
 Salmonid 6 6.4 41 36.9 
 'Other' 29 31.2 18 16.2 
Totals 93 - 
Table 3.52 	Dietary differences between breeding seasons for 
samples collected on similar dates in both years from 






 Shore 15 20.3 44 56.4 
 Gadoid 28 37.8 1 1.3 
 Salmonid 6 8.1 19 24.3 
(D) 'Other' 25 33.8 14 18.0 
Totals 74 - 78 - 
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Table 3.53 	Dietary differences between breeding seasons for the 





Salmonids 40 	70.2 143 	82.7 
Other fish 17 	29.8 30 	17.3 
Totals 57 	- 173 	- 
(e) The timing of breeding 
During 1986 nests were visited at Sell Island, Loch Feochan and Loch 
Awe (the fish farm colony) to determine the lay-dates for each 
breeding attempt (n = 47) (Fig. 3.38a) 
However, the first lay-
dates at the Loch Awe colony were amongst the earliest recorded in 
Scotland (N Marqulss pers. comm.), the first (4 February) being 65 
days earlier than the first at the coastal colonies (10 April). Lay-
dates estimated by fallen eggshells at the 2 remaining coastal 
colonies (n = 17) were similar to those at coastal sites where chicks 
had been measured (Fig. 3.38b). 
In the following year nests were visited at 4 colonies to determine 
lay-dates (n = 48) (Fig. 3.39a) 
The first lay-dates at the Loch Awe colony (11 
February) were again considerably earlier (by 34 days) than those at 
coastal colonies (17 March), and for all 3 colonies the median lay-
date was almost a month (23 days) earlier in 1987 than the previous 
year. At the fourth 'inland' colony the earliest lay-date was 5 
March, 12 days earlier than the first at coastal sites. Fallen 
eggshells from the 2 remaining coastal colonies showed lay-dates to 
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Fig. 3.38a 	Lay dates for each breeding attempt at 2 coastal 
colonies and one close to a fish farm in 1986; each box 
represents one breeding attempt. 	Shaded boxes are 
nearest estimates. 	Week 6 starts on 3 February, week 
26 ends on 29 June. 
Loch Awe (n = 29) 
Loch Feochan (n = 12) 
Sell Island (n = 7) 
Week No 
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Fig. 3.38b 	Estimated lay dates for 2 coastal colonies in 1986, 
each box represents one breeding attempt. Week 6 
starts 3 February, week 26 ends on 29 June. 
Loch Etive (n = 13) 
Loch Creran (n = 4) 
Week No 
0 
Fig. 3.39a Lay dates for each breeding attempt at 4 colonies in 
1987; each box represents one breeding attempt. Week 6 
starts 2 Feburary, week 28 ends 12 July. 
Loch Awe (n = 23) 
Loch Feochan (n = 8) 
Sell Island (n = 10) 




be similar to those coastal sites where chicks had been measured 
(Fig. 3.39b). 
Clutch size 
During both breeding seasons 49 clutches were recorded at the Loch 
Awe heronry and 35 at those on Seil Island and Loch Feochan (Table 
3.54). Herons at Loch Awe produced a bigger proportion of larger 
clutches than birds nesting coastally (x2 = 9.06, df = 3, P < 0. os). 
Production 
In this section production is defined as the number of fledged young 
produced per occupied nest: during 1986 this was determined for 33 
nests at the coastal colonies on Seil Island and Loch Feochan and the 
heronry at Loch Awe (Table 3.55). The coastal colonies produced 
similar numbers of fledged young per nest (t = 0.78, df = 14, NS) 
having a combined mean of 1.88 (SE = 0.18), but at the Loch Awe 
colony significantly more young per nest were fledged (mean = 2.47, 
SE + 0.17, t = 2.38, df = 31, P < 0.05). 
In the following year production was determined for 40 nests at the 3 
colonies studied. previously and a fourth 'inland' colony to the south 
of Loch Etive (Table 3.56). The 2 coastal colonies again produced 
similar numbers of fledged young per nest (t = 1.15, df = 14, NS) 
having a combined mean of 2.19 (SE = 0.19), while the Loch Awe colony 
again had a higher production (mean = 2.75, SE = 0.19, t = 2.07 3, df = 
34 1 P < 0.05 ). For all 3 colonies production in 1987 was higher 
Fig. 3.39b 	Estimated lay dates for 2 coastal colonies in 1987; 
each box represents one breeding attempt. Week 6 
starts 2 February, week 28 ends 12 July. 
Loch Etive (n = 14) 
Loch Creran (n = 7) 
Week N 
a 
Table 3. 54 	Clutch sizes at 2 coastal heronrjes and the Loch Awe 
colony close to a fish farm. Data from 1986 and 1987 
breeding seasons. Figures in parenthesis are 
percentages. 





1 0 	- 0 	- 
2 10 (20.4) 3 (8.6) 
3 12 	(24.5) 18 	(51.4) 
4 17 (34.7) 12 (34.3) 
5 9 	(18.4) 1 	(2.9) 
6 1 (2.0) 1 (2.9) 




1 	2 	34 MEAN SE 
Loch Awe 17 1 	8 	7 1 2.47 0.17 
Loch Feochan 9 2 	5 	2 0 2.00 0.24 
Sell Island 7 3 	3 	1 0 1.71 0.29 
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Table 3.56 	Production at four colonies in 1987. 
NO. 
BROODS 
NO. FLEDGED/SUCCESSFUL NEST 
1 2 3 4 MEAN SE 
Loch Awe 20 0 10 5 5 2.75 0.19 
Loch Feochan 7 1 3 2 1 2.43 0.37 
Sell Island 9 1 7 1 0 2.00 0.17 
'Inland 4 0 2 2 0 2.50 0.33 
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than in the previous year - although not significantly so (Loch Awe: 
t = 1.10, df = 37, NS. Coastal: t = 1.21, df = 30, NS). Production 
at the 'inland' colony was similar to that at the coastal colonies (t 
= 0.76, df = 18, NS), again lower than the Loch Awe heronry. 
3.7.3 	Discussion 
During the 1985 BTO heronries census, 44 colonies were recorded in 
Argyll. The average number of occupied nests per colony was 5.97 
compared to 6.9 for Scotland as a whole. Four of the colonies had 
over 15 nests, but only one had more than 20. The larger colonies 
tended to be on sealochs, while those inland or on open coasts were 
usually single or scattered nests (Madders 1986). Typically, the 
colonies monitored on or close to sealochs contained between 4 and 14 
nests. One colony on Loch Awe (10km from the sea, but near to a fish 
farm) contained 24 occupied nests in 1986 and 23 in 1987 and appears 
to have been exceptionally large for the area. 
Herons are commonly known as piscivorous predators, although they 
have also been reported to eat invertebrates, amphibians, reptiles, 
birds and mammals (reviews in Bauer and Glutz von Blotzhein 1966 9  
Cramp and Simmons 1977, Cruetz 1981). Diet is also known to vary 
between habitats and within and between seasons (Owen 1955, 1960). 
It is, therefore, not surprising that the majority of recorded prey 
items were fish but that crustaceans and mammals were also taken and 
that, at colonies close to the sea, the majority of items brought to 
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the nest were those common to the shallow waters of the Scottish west 
coast (Gordon and de Silva 1980, Gordon 1981), or those of adjacent 
freshwaters. Besides over a dozen species of marine shore fish and 
gadoids, salmonids were also recorded and tended to be larger than 
fish of other groups and constituted over 40% of the diet by weight. 
Other fresh and brackish-water species were also taken and at 2 
colonies single rainbow trout were collected, probably indicating 
that at least one bird in each had visited a fish farm. Typically, 
during the season the relative importance of salmonids in the diet 
decreased while that of marine species increased. In 1986 the 
proportion of gadoids recorded in the diet also changed during the 
season, closely following patterns of abundance in the natural 
habitat (R N Gibson, SNBA, pers. comm.), but in the following year 
very few were recorded. The distances travelled by herons from the 
colony to foraging sites are known to increase during the course of 
the breeding season (van Vessem and Draulans 1987). Data from an 
inland colony close to freshwater lochs and streams and 3.5km from 
Loch Etive appear to support this, as only freshwater species were 
recorded early in the season, but later the diet became dominated by 
marine shore fish. In contrast, the diet of birds at a colony close 
to a fish farm was dominated throughout, and during, both seasons by 
rainbow trout. 
Owen (1955) suggested that unlike birds in southern England, which 
may start to breed before the end of February, Scottish herons may 
breed later. This is indeed the case - particularly for those birds 
in the north and west (M Marquiss pers. comm.) and at colonies close 
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to the sea, laying began on 10 April in 1986 and 17 March the 
following year. Kislalioglu (1975) found a clear seasonal pattern in 
the feeding intensity, and hence by implication, the general 
activity, of many of the inshore fishes known to be taken by herons 
with the highest levels occurring between April and September. Many 
of these species also breed during the winter and spring (Smith 1887, 
Qasim 1957, Gordon and de Silva 1980, Gordon 1981) and so their young 
are often abundant in inshore waters during the summer. It, 
therefore, appears that in common with most birds in temperate 
regions (Lack 1950, Newton 1979) herons on the west coast time their 
breeding so that young are in the nest and fledged when food, in this 
case small marine shore fish, is most abundant. 
The herons over-wintering in an area are likely to have learned about 
the loction of good foraging sites before they start to breed (van 
Vessem and Draulans 1987) and most of those nesting at the Loch Awe 
colony are thought to have visited a fish farm throughout the winter. 
North (1979) suggested that herons breed as early as possible to 
maximise the time from fledging to the first winter and indeed 
breeding was considerably earlier at this colony where the farm, a 
predictable and constant source of food, probably allowed birds to 
come into breeding condition earlier and freed them from the 
constraints imposed by naturally fluctuating food supplies. Here, 
laying began on 4 February in 1986, 65 days earlier than at the 
coastal colonies, and on ii February, 34 days earlier, in the 
following year. Despite the fact that herons may breed earlier 
inland than at the Coast, a fact demonstrated at the colony to the 
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south of Loch Etive, where laying began 12 days before coastal sites, 
the first 1986 lay-date at the fish farm colony was one of the 
earliest recorded in Scotland (N Marquiss pers. comm.). In the 
following year, after a mild winter and during a warm, dry spring, 
herons at other colonies began breeding almost a month earlier. 
However those at the Loch Awe colony appeared not to be influenced by 
the favourable conditions and began laying a week later than the 
previous year. 
Levels of protein and fat in wild birds may play an important part in 
the proximate control of both lay-dates and clutch-size (Ward 1969 
Yellow-vented Bulbul, Fogden 1972 equatorial forest birds, Jones 
and Ward 1976 - Red-billed Quelea, Newton 1979 - raptors) and the herons 
exploiting a fish farm layed significantly larger clutches than those 
birds feeding naturally. 	Although first-years may lay smaller 
clutches than older birds (van Vessem and Draulans 1986b) the 
recorded differences in clutch-size are thought to have been caused 
by the abundance of food at the farm, as there was no evidence of 
first-year breeding at any of the colonies close to the sea. In fact 
the only instances of first-year breeding occurred at the Loch Awe 
colony where again the high levels of food could have brought some 
young birds into breeding condition. 
It has been suggested that the amount of food brought back to the 
nest is very important in determining the growth and survival of grey 
heron chicks (Junor 1972, van Vessem and Draulans 1986a). Although 
regurgitates from all colonies contained similar numbers of fish, 
those from regurgitates at the Loch Awe colony - where pairs produced 
significantly larger broods at fledging during both seasons - were 
214 
significantly larger, and many of them were rainbow trout. Although 
not measured, there is a strong possibility that farmed rainbow trout 
have a higher calorific value than the commonly caught shore fishes 
of sealochs. 
Thus it appears that the presence of the fish farm has led to the 
formation of an unusually large colony for the area and, acting as a 
constant 	and 	predictable source of food 	throughout 	the year, 	it 
allowed herons to begin breeding earlier, lay larger clutches and 
rear more young per nest to fledging than those at other colonies. 
However, set against this is the increased risk of persecution at the 
fish farm where, on average, 17 first-years and 12 adults were killed 
each year. 	Assuming that birds breed at 2 years old (van Vessem and 
Draulans 1986b) and using mortality rates of 56% and 47% respectively 
for the first 2 years of life (Mead et al 1979), this represents 
approximately 75 first-years. 	As the colony produced on average 48.5 
fledged chicks per year, this only accounts for 65% of the birds 
killed at the 	farm. 	Although undoubtedly an oversimplification 
(ringing recoveries show that once fledged, 	first-years fly up to 
100km from their natal colony while Cadbury and Fitzherberg and 
Brockholes (1984) 	showed that surprisingly few of the chicks they 
dye-marked at the nest were observed later at a nearby fish farm) it 
seems likely 	that persecution at farms outweighs any benefits of 
increased production. 
THE SHAG (Phalacrocorax aristotelis) 
4.1 	Seasonal Changes in Number and Age Structure Within the Study 
Area 
This section examines the size of the shag population in the study 
area. My aims were to determine the distribution and age structure 
throughout the study to see how these parameters varied within and 
between years. 
4.1.1 	Methods 
These were as for heron (3.1.1). The majority of feeding shags were 
in ones or twos and groups of 4 or more birds were rare. As each 
area was scanned during counts for c.5 minutes, all feeding birds 
were likely to have been seen. Thus, accurate counts could he made 
and checked before moving to count in another area. Shags were 
categorised into 2 age classes: 
(a) 	juveniles - birds in the first or second year of life, with 
pale brown breasts, 
and 
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(b) adults - older birds with dark green breasts. 
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Between July 1986 and June 1987 the age class of every shag seen 
during transects was recorded and, for every month, the proportion of 
each was calculated. 
	
4.1.2 	Results 
Shags were present throughout the year, but their numbers began to 
increase at the end of the summer and remained at a relatively high 
level throughout the winter before falling during the spring to a low 
over the summer months (Fig. 4.1). The unusually large numbers 
recorded during January 1986 were thought to have been caused by 
birds seeking shelter in sealochs during a series of westerly gales. 
Between October and February, c.71% of the shags in the study area 
were adults; the proportion declined gradually to 9% in May. Between 
June and September, all the birds seen were juveniles (Fig. 4.2). 
4.1.3 	Discussion 
Although present throughout the year, shag numbers increased during 
September and remained relatively high throughout the winter. 
Galbraith et al (1981) showed that shags from the Isle of Nay, Firth 
of Forth, underwent a steady dispersal from the colony after October 
which was most rapid in first-year birds. In the spring all birds 
returned to the vicinity of the colony, adults appearing to do so 
earlier than irnmatures. A similar dispersal and retraction pattern 
probably operated for shags over-wintering in the study area with 
juveniles arriving in early autumn and the majority having left by 
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Fig. 4.1 	The mean number of shags counted in the study, area, 
November 1985 to August 1987. 	Counts were twice- 
monthly, except during July, September and November 1986 
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Fig. 4.2 	The proportion of juvenile and adult shags seen in the 
study area each month between June 1986 and July 1987. 
Figures in brackets indicate the monthly sample sizes. 
TO 1985/86 
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the end of May. Adults arrived from October onwards and most had 
left by early April. Coulson (in Lack 1986) stated that in most 
years adult shags remain within 100 km of their breeding colony while 
immatures may travel up to 200 km. Western Scottish shag populations 
are comparatively consistent in their year to year dispersal 
patterns, with no age-related differences (Galbraith et al 1986). 
Ringing recoveries (4.5.2) suggest that many of the birds over-
wintering in the study area originate from colonies to the north and 
south. 
4.2 	Feeding Behaviour on Sealochs and at a Fish Farm 
This section compares the feeding patterns and food intake of shags 
feeding in sealochs with those feeding at fish farms. 
4.2.1 	Methods 
Data were collected on shags feeding in two arbitrarily defined 
areas: 
the fish farm (including waters within a 50m radius of cages) 
and 
elsewhere (the natural habitat). 
(a) Tidal Feeding Pattern 
Every shag seen during transects feeding either at a fish farm or 
elsewhere on Loch Etive was included for analysis. The state of the 
tide for each observation was determined from local tide tables. 
Diurnal Feeding Pattern 
These were as for heron (3.2.1 c) with shags feeding at the farm 
being compared with those feeding elsewhere. 
Feeding Behaviour and Food Intake 
On Loch Etive, individual feeding shags were watched with binoculars 
or telescope. Activities were timed on a stopwatch and data recorded 
on a cassette recorder, and later transferred Onto data sheets. A 
'feeding session' was defined as the time between landing and 
beginning to feed and the cessation of feeding, usually characterised 
by a period of preening and washing, accompanied by vigorous flapping 
of half-opened wings (Lumsden and Haddow 1946). At the fish farm on 
Loch Etive, observations continued until the bird moved outwith a 50in 
radius from the cages, became indistinguishable from others, or moved 
out of sight behind cage superstructures. 
Data were recorded on the age of the bird, time spent on the surface 
between dives, time spent underwater while diving, the number of 
successful dives, and the length of the feeding session. Successful 
dives were defined as being those where a prey item was brought to 
the surface, manipulated and eaten. However, Lumsden and Haddow 
(1946) point out that shags may swallow small prey items underwater 
without coming to the surface, while on the Scottish east coast 
sandeels are probably always consumed underwater (N. Narquiss 
pers . comm.). 
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Therefore in an attempt to assess whether feeding observations were 
under-estimating the amount of food consumed (and if so, to what 
extent), the size frequency of prey items observed to be eaten was 
compared with that of fish in the stomachs of birds shot at fish 
cages in Loch Etive (see 4.3). 
The size of prey brought to the surface was estimated by comparison 
with anatomical features of the bird's head (see Appendix 1). Fish 
lengths were converted to fresh weights by a series of length:weight 
relationships (Table 4.1). The relationship for flounder was used 
for unidentified flatfish, a mid-value between that calculated for 
saithe and cod for unidentified gadoids, and a mid-value between that 
calculated for herring and sprat for unidentified clupeoids. Gadoids 
estimated to be the length of the bill (to feathers) were assigned a 
weight of 2g, while smaller individuals were assigned a weight of ig 
(checked with locally caught reference material). From comparison 
with fresh specimens of a similar length the single greater pipefish 
seen taken was assigned a weight of 9g. 
4.2.2 	Results 
(a) Tidal Pattern 
During transects, 409 observations of feeding shags were recorded in 
the natural habitat and 171 at the fish farm. For each location the 
number feeding in each of 12 one-hour categories was determined (Figs 
4.3 and 4.4 respectively). For analysis the tidal cycle was divided 
into 4 three-hour periods: high, ebb, low and flow, and the number 
of feeding bird records in each was calculated (Table 4.2). In the 
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Table 4.1 Weight:length relationships for fish, where W = body 
weight (g) and L = length (cm), except * (iv). 
SPECIES RELATIONSHIP SOURCE 
Butterfish W = 0.00166 L31542 Narquiss 
(unpublished) 
Long Spined 
W = 0.01011 L31677 Sea Scorpion 
15 Spined 
Stickleback W = 0.0005484 L35991 U 
Flounder W = 0.00001758 L2 ' 925 Summers (1979) * 
Saithe W = 0.0101 L29589 Narquiss 
(unpublished) 
Cod W = 0.00626 L309 Harris and Hislop 
(1978) 
Herring W = 0.00254 L3289 of 
Sprat W = 0.009708 L2855 if 
Fig. 4.3 	The number of occasions feeding shags were seen in the 
natural habitat in each of 12 one-hour tidal periods (n 
= 409). Data were collected between 1 January 1986 and 
30 June 1987 
Fig. 4.4 	The number of occasions feeding shags were seen at a 
fish farm in each of 12 one-hour tidal. periods (n = 
171). 	Data were collected betweep 1 January 1986 and 
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Table 4.2. 	The number (and percentage) of feeding shags recorded 
in the natural habitat and at a fish farm in relation 
to 4 tidal phases. 
TIDAL PHASE NATURAL HABITAT FISH FARM 
High 144 (35.2) 33 (19.3) 
Ebb 67 (16.4) 51 (29.8) 
Low 78 (19.1) 30 (17.5) 
Flow 120 (29.3) 57 (33.3) 
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natural habitat more birds appeared to feed on high' and flow tide 
than low and ebb (x2 = 19.1, df = 3, P < 0.001), while at the farm 
tidal differences were not significant (X 2 = 7/2. df = 3, NS). 
Diurnal Feeding Pattern 
During the 10 day monitoring period in September 1986, 438 feeding 
shag observations were recorded in the natural habitat and 86 at the 
fish farm (Figs 4.5 and 4.6 respectively). In the natural habitat 
shags did not have a diurnal feeding cycle (F4 50 = 1.31, NS) but 
they did at the fish farm (F4 50 = 4.36, p< 0.01) with 
larger numbers of feeding birds being recorded in the early morning 
(9.30 am) and late afternoon/early evening (5.30 pm). 
Feeding Behaviour 
In the natural habitat the mean dive rate of adults was 1.43 per 
minute and that of juveniles 1.39 per minute. At the farm dive 
rates were slightly less at 1.12 per minute for both adults and 
juveniles (Table 4.3). 
The mean length of time spent underwater during dives did not differ 
significantly with either habitat or age of bird. However, in the 
natural habitat juveniles spent significantly longer than adults on 
the surface between dives (z = 1.44 ) p < 0.01). At the farm 
the age classes did not differ, but both adults and juveniles spent 
longer at the surface there than in the natural habitat (adults: z = 
3.69, P < 0.001; juveniles: z = 3.92, P < 0.001) (Table 4.4). 
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Fig. 4.5 	The number of occasions feeding shags were recorded on a 
3.51cm section of Loch Etive during two-hourly counts. 
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Fig. 4.6 	The number of occasions feeding shags were recorded at a 
fish farm in Loch Etive during two—hourly counts. 
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Table 4.3 	Dive rates of shags feeding in the natural habitat and 










Adults 1.43 5.2 ii 441 
Juveniles 1.39 1.8 17 599 
Fish Farm 
Adults 1.12 5.2 17 255 
Juveniles 1.12 3.4 21 426 
Table 4.4 	Dive times and the time spent on the surface between 
dives for shags feeding in the natural habitat and at 
a fish farm. 
DIVE TINES 
	
NAT. HAB. 	FAR 
JUVAD 	JUV 
No. Birds 17 	ii 	30 
Mean Time 34.67 32.04 33.30: 
(secs.) 
S.E. 	: 1.601 1.60 	1.061 
SURFACE 
NAT. FlAB. 
AD 	JIJV 	AD 
17 	17 	ii 
34.18 13.90 11 11.62 








The mean length of a feeding session for birds in the natural 
habitat was 38 minutes (SE = 5.77), significantly longer than the av 
erage feeding session at the farm (t = 4.48, df = 74, P < 0.001), 
where the mean time was 15 minutes (SE = 1.85). 
(d) Food Intake 
A comparison of the lengths of all fish seen brought to the surface 
by shags and of those from the stomach contents of shags shot in the 
same area is given in Fig. 4.7. The total range of sizes is the 
same in both cases, but the shot birds had many more of the smallest 
size classes in their stomachs. Thus it is likely that these small 
fish were swallowed underderwater, and that observations of shags on 
the surface underestimate the frequency of such fish. Therefore, in 
the data presented below on food intake rate, it must be emphasised 
that the figures given are minima. 
In the natural habitat the dive success of adult shags (5.27) was 
significantly greater than that of juveniles (1.8%, X 2 = 12.2, df 
1, P < 0.001). At the fish farm the dive success of adults (5.2%) 
and juveniles (3.4%) did not differ significantly (X 2 = 1.2, df = I, 
NS, Table 4.3). Combining data on capture rates with those on prey 
taken it was estimated that adults in the natural habitat had an 
intake of 0.44g (wet weight) per minute whereas juveniles had an 
intake of 0.13g (wet weight) per minute. At the fish farm the 
corresponding figures were 0.41g per minute and 0.20g per minute 
(Table 4.5). 
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Fig. 4.7 	The size frequencies of fish observed to be eaten by 
shags on the surface (n = 79) and those found in the 
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Table 4.5 	Calculations for the total estimated fresh weight intake 
of prey items brought to the surface and eaten by shags 
in the natural habitat and at a fish farm. 
C!) Cl) 
z 
E rx U) E 
H O H H c) H 
HL CD 0 HO 
tl)I-1 CflI-1 
iJ x)H çx x) z) 
Cl) 
1-4 04 04 
>-4 -4 
Hr') z)H • Cl) • 1'H H1x1 
O tl) 0 1-4 0 QC!) 0Q 
Z z P'1 
66 93 x 3 14 Butterfish 6 115 x 1 22 ADULT JUVENILE 
NATURAL NATURAL 
HABITAT 115 x 4 93 x 3 HABITAT 
137x6 137x2 
140 x I 
51 93 x 4 5 Long spined sea 2 93 x 2 24 
scorpion 
63x1 
6 50 x 4 5 Unidentified Goby 2 63 x 1 3 
63x1 50x1 
15 63 x 1 4 15 spined 2 93 x 1 8 
stickleback 
78x1 137x1 
137 x I 
140 x I 
15 78 x 2 3 Unidentified 1 93 x 1 7 
gadoid 
93 x 1 
31 137 x 1 1 Unidentified 1 93 x 1 10 
flatfish 
- - - Unidentified 1 63 x 1 2 
clupeoid 
9 230 x 1 1 Greater pipefish - - - 
441 	total feeding time (mins) 	599 
0.44 	total (wet wt) intake (ginin-) 0.13 
28 93 x TI 6 Butterfish 2 115 x 1 10 
ADULT 115 x 2 137 x 1 JUVENILE 
FISH FISH 
FARM 137 x 3 FARM 
23 115 	x TI 1 Long spined sea 2 78 x 1 19 
scorpion 
93 x 1 
5 50 x 3 4 Unidentified goby 5 50 x 2 8 
63x1 63x3 
7 137 x 1 15 spined 2 63 x 1 2 
stickleback 
137x1 
13 115 x 1 1 Unidentified 4 93 x 2 40 
gadoid 
115 x 1 
137 x TI 
10 93 x 2 2 Unidentified 1 78 x 1 6 
flatfish 
255 	total feeding time (mins) 	426 
0.41 	total (wet wt) intake (gmin-) 0.20 
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The feeding behaviour of both age classes in the natural habitat and 
at a fish farm is summarised in Table 4.6. 
4.2.3 	Discussion 
The fish farm site used for shag observations was close to the 
entrance of Loch Etive and shags had to pass close to it to enter or 
leave the loch for their daily feeding activities. Natural habitatfe 
eding continued throughout the day with no discernible diurnal cycle 
and birds fed more often on high and flow tides. Most of the feeding 
at the fish farm occurred during the early morning and the late 
afternoon and was not related to the state of the tide. Most of the 
birds feeding at cages were juveniles and these birds may spend a 
longer proportion of their time feeding than adults (eg. Davis 1975, 
Herring Gull, Morrison et al 1978 - Olivaceous Cormorants, porter and 
Sealy 1982 	seabirds) possibly extending their 
feeding time into the late afternoon or intensifying it prior to 
roosting for the night or in the morning after a night's fast, which 
could explain the pattern of shag feeding at the fish farm. The 
diurnal difference in feeeding pattern between the natural habitat 
and the fish farm is not thought to have been caused by presence of 
staff at the farm during the day. The majority of observations took 
place while the site was un-manned, and even when staff were present 
shags were relatively tame and often fed within a few metres of 
people working on the cages. 
The dive/pause (D/P) ratio has been used as an indicator of a 
species' physiological diving abilities (Dow 1964). The D/P ratio 
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Table 4.6 	The complete feeding data collected for adult and 
juvenile shags in the natural habitat and at a fish 
farm. 
NAT. HAB. FISH FARM 
AD. JUV. AD. JUV. 
No. of birds observed 11.00 17.00 17.00 31.00 
Total observation time 441.00 599.00 255.00 426.00 
(mins.) 
Dive rate (no./min.) 1.43 1.39 1.12 1.12 
No of dives where fish 
were brought to surface 33.00 15.00 15.00 16.00 
% of 'successful' dives 5.20 1.80 5.20 3.40 
Observed prey capture 
rate (no./min.) 0.075 0.025 0.059 0.038 
Minimum food intake 
(glrnin.) 0.44 0.13 0.41 0.21 
No. of dives observed 631.00 831.00 286.00 476.00 
Mean dive duration 33.27 33.59 34.75 32.60 
(secs.) (SE) (0.32) (0.25) (0.70) (0.52) 
No. of surface 
observations 619.00 826.00 270.00 454.00 
Mean inter-dive interval 13.17 17.38 22.60 19.34 
(secs.) (SE) (0.21) (0.25) (0.99) (0.53) 
Mean length of feeding 37.92 mins. 15.44 mins. 
session (SE) (5.77) (1.85) 
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for shags in the natural habitat was 2.5 - close to the ratio of 2.6 
calculated by Morrison et al (1978) for data presented by Lumsden and 
Haddow (1946) for shags feeding in the Clyde sea area. When feeding 
at the fish farm, both age classes had a reduced D/P ratio (adults 
1.5/juveniles 1.7) with adults diving every 1.1 minutes and juveniles 
every 0.9 minutes. Morrison et al (1978) stated that variations in 
the characteristics of habitats apparently accounted for the marked 
diving rate difference they observed between study sites, and the 
same was probably true in this study. Although dive times were 
similar at the farm, both age classes spent longer on the surface 
between dives, swimming a few metres and positioning themselves in 
relation to cages before diving. 
Relying solely on observations of fish brought to the surface leads 
to an under—estimate of the food intake, as about half the small 
fishes caught appeared to have been swallowed underwater. 
Consequently such estimates must be regarded as minima. In the 
natural habitat adults were about 3 times more successful at catching 
prey (as shown by items brought to the surface) than juveniles. The 
relatively poorer foraging efficiency of immatures has been 
demonstrated for several species including brown pelicans (Pelecanus 
occidentalis : Orians 1969), Adelie penguins (Pygoscelis adeliae 
Mnley and Schiatter 1972), little blue herons (Florida caerulea 
Recher and Recher 1969) and Olivaceous cormorants (Phalacrocorax 
olivaceous Morrison et al 1978). Adults were also more successful 
at catching fish (about 1.5 times more, based on items brought to the 
surface) than juveniles at the farm. However, their overall fresh 
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weight intake fell slightly from at least 0.44g min in the natural 
habitat to at least 0.41g min- at the farm. This was probably due 
to the fact that although their feeding success remained the same in 
the 2 locations, they spent longer on the surface between dives while 
at the farm. Juveniles too spent longer on the surface at the farm, 
but they performed better there than in the natural habitat, almost 
doubling their feeding success from 1.8% of dives producing a fish at 
the surface to 3.4% at the farm, and increasing their fresh weight 
intake from at least 0.13g min- in the natural habitat to at least 
0.21g min at the farm. Thus it would seem that adults have a very 
similar feeding performance whether in the natural habitat or at a 
fish farm, but that juveniles perform better at the farm. Draulans 
(1987b) found that first-year grey herons were less successful at 
foraging than adults at low prey densities, due to a lower encounter 
rate with potential prey, but that this difference decreased with 
increasing fish density and at very high densities both age classes 
performed in a similar way. The waters immediately adjacent to fish 
cages are known to hold increased stocks of several of the prey 
species taken by shags (Chapter 2) and juveniles are, therefore, 
probably able to increase their food intake by feeding there. 
Draulans and van Vessem (1985b) found that first-year herons visited 
sites where they could fish successfully more frequently during the 
course of the day than adults. If juvenile shags behave in a similar 
manner this could explain why the majority of birds at the farm were 
juveniles. 
4.3 Stomach Contents of Birds Killed at Farms 
This section discusses the stomach contents of shags killed at marine 
fish farms in the study area and investigates claims that birds can 
extract and eat fish from cages. 
	
4.3.1 	Methods 
The stomach contents of 41 shags killed between 1 March 1985 and 31 
August 1987 at 3 farms were analysed using the same methods as those 
already described for herons (3.5.1 b). 
4.3.2 	Results 
Thirty nine (95%) of the 41 stomachs examined contained fresh food. 
The diet was predominantly fish, with 186 specimens of at least 20 
species being recorded (Table 4.7). Of the 185 identifiable fish, 66 
(35.7%) were of commercially caught species - 36 gadoids and 30 
clupeoids. However, none were of marketable size. The size of fish 
eaten ranged from 32mm (2 spot goby) to 240mm (common eel) with other 
large fish being a saithe (160mm), a sandeel and a butterfish (115mm 
each). Only a single salmonid was recorded, a rainbow trout which 
had the characteristic marks of a heron's beak on its operculurn. The 
size frequencies of the principal fish species found in the stomachs 
were recorded (Fig. 4.8). 
236 
237 
Table 4.7 	The stomach contents of 39 shags killed at fish farm 
sites between March 1985 and August 1987. 
NO. 	STOMACHS 
PREY SPECIES 	 SPECI- CONCERNED 
MENS 	NO. (7°) 
Butterfish 
2 Spot Coby 
Saithe 
Unidentified Clupeoid 
15 Spined Stickleback 
Long Spined Sea Sorpion 
Cod 




























30 11 (28.2) 
30 6 (15.4) 
24 9 (23.1) 
23 6 (15.4) 
19 10 (25.6) 
9 9 (23.1) 
7 4 (10.3) 
6 1 (2.6) 
5 4 (10.3) 
5 2 (5.1) 
5 1 (2.6) 
4 4 (10.3) 
3 1 (2.6) 
2 2 (5.1) 
2 2 (5.1) 
2 2 (5.1) 
2 1 (2.6) 
1 1 (2.6) 
1 1 (2.6) 
1 1 (2.6) 
1 1 (2.6) 
1 1 (2.6) 
1 1 (2.6) 
1 1 (2.6) 
1 1 (2.6) 
7 4 (10.3) 
4' 2 (5.1) 



















Fig. 4.8 	The size frequencies of the principal species found in 
the stomachs of 39 shags killed at 3 fish farms between 
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Differences in diet were apparent when birds killed between September 
1985 and April 1986 were compared to those killed between the same 
months in the following year. Nineteen of the 21 stomachs examined 
during 1985/86 contained food (Table 4.8), and the diet consisted of 
the characteristic species of inshore waters with butterfish, 
15 spined stickleback, long spined sea scorpion and gobies being the 
commonest species recorded. 	Crustacean remains were found in 4 
(21.0%) of the stomachs. 	All 20 stomachs examined during the 
following year contained food (Table 4.9). Gadoids and clupeoids, 
species completely absent in the previous sample, occurred in large 
numbers. Saithe were present in 45% of the stomachs, unidentified 
clupeoids in 35%, cod in 20% and unidentified gadoids in 15%. 
Crustacean remains were found in 2 (10.0%) of the stomachs. 
4.3.3 	Discussion 
Contrary to claims, shags did not appear to hole nets underwater and 
take farm stock. Only one salmonid, a rainbow trout, was found in a 
shag stomach and it was probably scavenged after having been found 
dead and discarded by farm staff. Stomach contents suggest shags in 
the study area fed on a variety of the shallow water fishes found 
there (Gordon and De Silva 1980, Gordon 1981), taking fish from both 
mid-water and the bottom. These were similar species to those found 
in birds from other locations around the coast of the United Kingdom 
(Cornwall : Steven 1933, Clyde sea area : Lumsden and Haddow 1946, 
Scottish east coast : Rae 1969, Loch Ewe, Ross-shire : Mills 1969). 
Table 4.8 The stomach contents of 19 shags killed at fish 
farms between September 1985 and April 1986. 
STOMACHS 
NO. OF CONCERNED 
PREY SPECIES SPECIMENS NO. 
15 spined stickleback 17 9 47.4 
Butterfish 15 8 42.1 
Long spined sea 4 4 21.0 
scorpion 
2 spot goby 14 3 15.8 
Viviparous blenny 2 2 10.5 
Coidsinny wrasse 2 2 10.5 
3 spined stickleback 6 1 5.3 
Common eel 1 1 5.3 
Unidentified wrasse 1 1 5.3 
Unidentified fish 1 1 5.3 
Common shrimp 4 3 15.8 
Common prawn 1 1 5.3 
Shore crab 2 1 5.3 
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Table 4.9 The stomach contents of 20 shags killed at fish 
farms between September 1986 and April 1987. 
STOMACHS 
NO. OF CONCERNED 
PREY SPECIES SPECIMENS NO. 
Saithe 24 9 45.0 
Unidentified clupeoid 25 7 35.0 
Butterfish 16 5 25.0 
Cod 7 4 20.0 
Unidentified gadoid 4 3 15.0 
Long spined sea 3 3 15.0 
scorpion 
2 spot goby 16 3 15.0 
15 spined stickleback 3 2 10.0 
Viviparous blenny 2 2 10.0 
Pogge 2 2 10.0 
Painted goby 3 1 5.0 
Greater pipefish 2 1 5.0 
Flounder 1 1 5.0 
Plaice 1 1 5.0 
Unidentified sandeel 1 1 5.0 
Rainbow trout 1 1 5.0 
Common prawn 3 1 5.0 
Shrimp 3 1 5.0 
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During the 1985/86 winter stomachs contained the fish characteristic 
of inshore waters - but no clupeoids or gadoids were recorded while a 
similar number examined in the following year contained large 
proportions of these groups. This reflected the availability of 
clupeoids and gadoids in the natural habitat (see 1.8) and confirms 
suggestions by Rae (1969) that shags appear capable of adapting their 
predatory habits to take advantage of local and seasonal fish 
concentrations. The changes in fish numbers may have affected shag 
feeding generally for those killed over the 1985/86 winter were 
significantly lighter than those killed in the following year (see 
Appendix 1). However, at no time did the weight of birds fall to the 
levels recorded by Potts (1969) for birds which had died of 
starvation, indicating that the birds were still healthy despite 
differences in prey availability. 
4.4 Predation at Fish Farms 
Data presented in the previous section suggests that, contrary to the 
widely-held belief, shags do not extract and eat fish from cages. 
This section examines the other claim made against them - that they 
cause damage to fish within cages by wounding them through the nets. 
4.4.1 	Methods 
These were as for heron (3.5.1 b) where a seven month monitoring 
programme 	was undertaken at a marine site 	to 	quantify 	both 
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Dead fish (n = 17 302) were examined, of which 800 (4.6%) were 
damaged by birds. Only 19 (2.4%) of these were damaged with marks 
characteristic of shags (see Appendix 1) and all came from the same 
stock - the smallest rainbow trout held at the farm - and represented 
only 0.1% of the total mortality recorded. Financially bird damaged 
fish accounted for 1.9% of the farmer's expenditure and of this, shag 
damaged fish accounted for 0.7% (Fig 3.26). 
4.4.3 	Discussion 
Shags are able to damage fish by poking their heads through the nets. 
However, fish loss to shags was trivial, representing only 2.4% of 
those fish damaged by birds and only 0.1% of the recorded mortality. 
Salmonids were not usually eaten by shags (Rae 1969), but all 19 
damaged fish were within the size range of fish eaten by this species 
and were not of marketable size. Shags did not attack fish obviously 
too large to be swallowed, and it would seem only important to fully 
protect fish of a vulnerable size from shag predation. 
4.5 Shag Persecution at Fish Farms 
This section examines the data on persecution collected from several 
study farms, and attempts to quantify the number killed throughout 
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Scotland in years of differing levels of persecution. Details of 
ringed birds recovered in the study area are given. 
4.5.1 	Methods 
Study Farms 
As has previously been discussed (7.3.1 a), I collected reliable data 
from 10 study farms on the number, age and date of death of birds 
killed during 1985/86 and 1986/87. Shags were killed at 4 of these 
and as samples were small and I had not received questionnaire 
returns from 2 of the sites, I was unable to make direct comparisons 
between the numbers claimed to be killed on returns and the actual 
numbers killed during the 2 years. 
Estimating Persecution on a National Level 
Methods for estimating the national scale of persecution were similar 
to those used for herons (3.6.1 b). Questionnaire returns (which I 
had no reason to disbelieve) suggested that shags were killed at 
48.6% of salmon sea-cage sites, and at all trout sea-cage sites. By 
applying these proportions to the DAFS (1985) survey figures, I was 
able to estimate the total number of farms at which shags were 
killed. 
From study farm data I calculated that more than twice as many shags 
were killed in 1985/86 than in the following years. As well as being 
actively persecuted, shags also drowned accidentally in underwater 
predator nets. I collected drowned birds from the 4 study sites and 
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by comparison with the number of birds deliberately killed, was able 
to calculate the ratio of drowned to killed birds. It should be 
noted that only those drowned birds that could be seen from cage 
walkways were recovered, and therefore the number caught in nets was 
almost certainly under-estimated. Whenever possible during net 
changes I examined complete predator nets for drowned birds. 
Although some shags were found that had been missed by observations 
from walkways and others may have decomposed completely, it was 
obvious that the number of drowned birds was only a small fraction of 
the number deliberately killed. 
Finally, as all the shags killed at study farms were juveniles, I 
assumed that this was the only age class persecuted at Scottish 
farms. 
As before (3.6.1 b), I was forced to use data from several sources 
and to make several assumptions in attempting to quantify the number 
of shags killed annually throughout Scotland. The data presented in 
this section must, therefore, also be viewed as the best estimates 
possible based on the limited information available, rather than as 
precise figures. 
(c) Ringing Recoveries 
Details of shags ringed as nestling on the Orkneys, Canna and 
colonies in south Argyll were examined and details of those recovered 
in the study area were extracted. Details of ringed birds recovered 




Of the 41 dead shags examined from 4 sites, 38 (93%) had been shot 
and 3 (7%) had drowned in underwater predator netting, and all were 
juveniles. The largest number of birds had been killed during 
September (13), numbers fell during October (6) and November (5) and 
none of the birds examined had been killed in December. Eleven were 
killed in January, 5 in March and 1 in April. 
During 1985/86 more than twice (n = 77 3, 2.2 times) as many dead shags 
were recorded than during, the 1986/87 period (n = 35) and farmers 
perceived their bird problem to be greater during the winter of 
1985/86. 
Estimating Persecution on a National Level 
From questionnaire returns and figures provided in the DAFS (1985) 
survey I calculated that shags were killed at 62 salmon sea-cage 
farms and at 9 rainbow trout sea-cage sites. From questionnaire 
returns I estimated that between 1736 and 1798 shags were killed 
annually at salmon farms, with a further 72 birds being killed at 
trout sea cages. Therefore, extrapolation from questionnaire returns 
implied that between 1808 and 1870 shags were killed at Scottish 
farms annually. As study farm/questionnaire return comparisons were 
not possible, I assumed that these figures - representing persecution 
in an 'average' year - lay at a mid-point between levels in years of 
light and heavy persecution. Thus in a year of light persecution I 
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estimated that about 1149 birds would be killed, rising to a figure 
of 2528 birds (2.2 times as many) during a year of heavy persecution. 
In addition a further 7% are estimated to drown in underwater nets at 
cage sites, increasing the total number of shags killed to between 
1229 and 2705. 
(c) Ringing Recoveries 
Ringing recoveries show that some of the birds over-wintering in the 
study area originate from Canna and colonies to the south (Fig. 4.9). 
4.5.3 	Discussion 
All the shags killed at farms were juveniles. This could be because 
they are attracted to farms as good feeding sites (see 4.2.3), less 
cautious of man and more vulnerable to shooting. Galbraith et al 
(1981) showed that of the 888 recoveries of shags ringed on the Isle 
of May between 1953 and 1979, shooting and fishing gear accounted for 
15%. First and second year birds were 3 times more likely to be shot 
than older birds. Swann and Ramsay (1979) showed that 50% of the 
recoveries from north-west Scotland resulted from shooting or 
involvement with fishing gear while data from Argyll (E. Bignal, NCC, 
unpublished data) showed that 34% of recoveries resulted from 
shooting, drowning in nets or lobster pots, oiling or some other 
involvement with humans. Thus it would seem that at fish farms, 
juveniles are the more vulnerable age class, both in terms of 
shooting and entanglement in netting. However, ringed birds 
recovered in the study area originated from many different colonies, 
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Fig. 4.9 	The origin of shags ringed as nestlings and found dead 
within the study area. Figures represent the number of 







often considerable distances away, and it therefore seems unlikely 
that shooting will reduce the number of birds visiting a farm. 
Potts (1969) calculated the mean survival rate of first-year shags on 
the Fame Islands to be 59 + or - 12%, while survival after the first 
year was not markedly age-specific and averaged 84 + or - 5%. Swann 
and Ramsay (1979) analysed a total of 401 shag recoveries between 
1914 and 1976 from a dozen colonies in north-west Scotland, 77% of 
them were from first-year birds and the main period of recovery was 
during their first winter while recoveries from a number of colonies 
in south Argyll (E. Bignal, NCC, unpublished data) show that of the 
161 recoveries where the age of birds at death could accurately be 
determined, 76% were from first-year birds. As has already been 
discussed (see 3.6.3), Newton (1979) states that persecution will 
only lead to a population decline if certain criteria are met. periods of 
natural mortality may vary from year to year according to weather conditions 
so mortality from shooting for instance may be additive in some years and 
not in others. The great majority of shags killed at fish farms are JuvenilE 
and all 
are killed during the winter months, so it seems likely that the 
persecution at farms is merely cropping an expendable, and already 
doomed, surplus. 
Although protected by the Wildlife and Countryside Act (1981) (see 
3.6.3), considerable numbers of shags are undoubtedly killed per year 
at Scottish fish farms. If the figures given in questionnaire 
returns are assumed to represent the numbers killed in an average 
year, and this in turn is assumed to he the mid-point between the 
numbers killed in years of light and heavy persecution, in any one 
year between 1229 and 2705 juvenile birds may be killed. Operation 
Seafarer located about 25 000 pairs of shags nesting in Scotland 
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during 1969/70 (approximately 80% of the total 13K population) and it 
is thought that, allowing for non-breeding birds and birds of the 
year, the current Scottish mid-winter population is likely to be 
between 79 000 and 120 000 birds (Coulson, in Lack 1986). At its 
highest levels persecution may account for between 1 0 0 and 3.4% of 
these figures and, as all the birds killed at farms are immature and 
even taking into account the fact that drowned birds were under-
estimated, it seems unlikely that present levels of persecution will 
have any long-term affect on the Scottish shag population. 
Swann (1987) found that for shags ringed on Canna, the proportion of 
recoveries resulting from shot birds had changed dramatically, with 
no birds being reported shot since 1981. Conversely, the proportion 
'found dead' had increased over the period of study. This was 
thought to have been due to the fact that during the early years of 
the study, large numbers of shags were shot in the Outer Hebrides for 
food, a practice not as common today (R L Swann pers. comm.). 
However, the same authors were able to show that some changes, 
although not significant, had taken place with regard to the location 
of recoveries. Those from the Outer Hebrides appeared to be 
decreasing, whilst those in areas to the south of Canna, such as 
Argyll, were apparently increasing. Coupled with this was a change 
in the timing of recovery, with significantly fewer birds being 
recovered in the winter and more in the summer. A considerable 
number of birds shot at fish farms are not collected and a 
proportion, possibly high in some cases, of birds 'found dead' may be 
birds that have died at fish farms and have been washed ashore - in 
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- 	some cases well away from the farm site, depending on wind and tide 
movements. Thus the reduction in shooting concluded from ringing 
recovery analyses may be incorrect if shot birds have not been 
recovered immediately, but are recovered as 'found dead' possibly 
some considerable distance and time after death. Shags were killed 
at all marine farms in the study area on some occasion. Ringing 
returns do not appear to reflect the fact that birds are being shot 
at fish farms and recovery data are possibly being distorted by the 
unrecorded shooting of birds at these sites. 
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CHAPTER 5 
THE CORMORANT (Phalacrocorax carbo) 
5.1 	Seasonal Changes in Number and Age Structure Within the Study 
Area 
This section examines the size of the cormorant population in the 
study area. My aims were to determine the distribution and age 
structure throughout the year to see how these parameters varied 
within and between years. 
5.1.1 Methods 
These were as for heron (3.1 .1) and shag (4.1.1). Cormorants were 
counted on regular transects through the study area and were 
categorised into two age classes: 
juveniles - birds in the first or second year of life, with 
either completely white breasts or white breasts with dark 
flecks, 
and 
adults - older birds, with either dark breasts with white 
flecks or completely dark breasts. 
5.1.2 Results 
There were marked differences in the numbers of cormorants seen in 
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Fig. 5.1 	The mean number of cormorants counted in the study area, 
November 1985 to August 1987. Counts were twice—
monthly, except during July, September and November 1986 
when 3 counts were made. 
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sealochs during 1986/87, and the main influx began in September. By 
May numbers had fallen and none were seen during July 1987, while 
the autumn influx appeared to begin in August. By contrast, no 
birds were seen during November and December 1985. Numbers 
increased to a peak in March (though less than half the numbers 
recorded during the 1986/87 season's peak), before falling during 
April to zero in May. Between September and October about 24% of 
the cormorants seen within the study area were adults while between 
November and April this rose to c. 67% before falling to 25% during 
May. All the birds seen in June, July and August were juveniles 
(Fig. 5.2). 
5.1.3 Discussion 
The number of cormorants observed in the study area fluctuated 
widely between months and between years. However, these data should 
be viewed with caution as they refer only to the birds present on 
sealochs. Mills (1965) stated that, particularly during the winter 
and early spring, cormorants frequently occur as much as 65km inland 
on lochs and river systems. Transects included some freshwater 
habitat, but no birds were seen there. Loch Etive often held more 
birds than other sealochs and may provide access to Loch Awe (the 
only freshwater site where cormorants were seen during the study) 
via the River Awe. Cormorants avoid journeys over land (van Dobben 
1952) so some of the birds seen on Loch Etive were probably 
commuting to and from freshwater. Unfortunately, the great size 
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Fig. 5.2 	The proportion of juvenile and adult cormorants seen in 
the study, area each month between July 1986 and June 
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and numerous small islands of Loch Awe made regular counts there 
impractical. 
Dunnet (in Lack 1986) states that on the Ythan estuary near 
Aberdeen, immature cormorants arrive to over-winter a little before 
adults. This appeared to be true for birds in the study area, with 
an influx of juveniles during September before the first major 
influx of adults in November. Both adult and immature birds make 
extensive winter movements (Mills 1965, Balfour et al 1967, Dunnet, 
in Lack 1986), the latter author concluding that juveniles may 
travel up to 800km in their first winter. There are few records of 
cormorants breeding in Argyll (Smith 1969) and ringing recoveries 
(see 5.4.2) suggest that, as with shags, the majority of birds 
recorded were probably dispersing from their natal/breeding colonies 
and were over-wintering in, or passing through, the study area. 
5.2 	Feeding Patterns on Sealochs and at a Fish Farm 
This section examines the diurnal and tidal feeding patterns of 
cormorants on sealochs and at a marine fish farm. 
5.2.1 Methods 
These were as for shags (see 4.2.1 a,b). 
5.2.2 Results 
Tidal Feeding Patterns 
The majority (68.1%) of the cormorant sightings (n = 160) on 
transects were of roosting birds. However, feeding birds were 
recorded 51 times in the natural habitat and 57 times at the fish 
farm. As with the data for shags, the tidal cycle was divided into 
4 three—hour periods; high, ebb, low and flow, and the number of 
feeding birds in each was calculated (Table 5.1). Over the tidal 
cycle the feeding pattern in the natural habitat was not 
significantly different from that at the farm (X2 = 1.4, df = 3, NS) 
and there was no significant tidal pattern in either location 
(natural habitat: X2 = 0.7, df = 3, NS/farm: X 2 = 4.0, df = 3, NS). 
Diurnal Feeding Pattern 
During the 10 day monitoring period in September 1986, 14 feeding 
cormorants were recorded in the natural habitat. Although this 
sample was too small for analysis, there was no evidence of a 
diurnal feeding cycle. During this period, 96.3% of the 368 
cormorant sightings were of roostingbirds (Fig. 5.3). The number of 
roosting birds remained constant throughout the day (F 340 = 0.54, 
NS) but fell sharply in the late afternoon/early evening. Only 3 
birds were observed at the fish farm during the standard counts, a 
sample too small for analysis. All records of cormorants seen 
feeding at the farm (n = 57) during the study were used to examine 
the diurnal feeding pattern. Again, there was no significant 
temporal pattern (X2 = 5.4 9 df = 4 3, NS). 
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Table 5.1 	The number (7) of feeding cormorants recorded in the 
natural habitat (sea loch) and at a marine fish farm in 
relation to 4 tidal phases. 
TIDAL 
PHASE 
NATURAL HABITAT FISH FARM 
NO. NO. 
High 12 23.5 10 17.5 
Ebb 10 19.6 10 17.5 
Low 16 31.4 24 42.1 
Flow 13 25.5 13 22.8 
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Fig. 5.3 	The number of occasions roosting birds were recorded on 
Loch Etive during two—hourly counts. Data were collected 
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No diurnal or tidal feeding cycles were detected for cormorants in 
either the marine natural habitat or at a marine fish farm. 
However, samples were relatively small as the majority of birds seen 
during counts were roosting. The number of roosting birds on Loch 
Etive remained fairly constant throughout the day. It was not 
possible to determine whether those roosting were the same birds 
throughout the day, or whether there was a change-over of birds, 
because none were individually marked. The situation was further 
complicated as cormorants almost certainly commuted between marine 
and freshwater environments (see 5.1.3). Although few in number, 
the majority of feeding cormorant sightings at a freshwater farm 
near Loch Etive, were during the early morning (pers. obs.) and many 
of the birds shot there were killed at that time of day (S. Hart 
pers. comm.). It therefore seems likely that cormorants visited 
fish farm sites within their normal feeding periods. 
5.3 	Cormorant Stomach Contents and Predation at Fish Farms 
As with shags, there is a widely-held belief that cormorants not 
only damage fish in cages, but also hole nets to extract and eat 
fish. This section examines these claims and, with reference to the 
stomach contents of birds killed at farms, discusses cormorant 




The stomachs of 56 cormorants, killed between 1 March 1985 and 31 
August 1987 at 6 farms, 3 in freshwater (1 in the study area, 1 in 
Highland Region and I in Tayside) and 2 marine sites (both in the 
study area), were analysed using the methods described earlier for 
herons (see 3.5.1 b). 
Predation 
(i) Marine Site 
Methods used were the same as those used to quantify predation by 
heron (see 3.5.1 b) and shag (4.4.1) where a 7 month monitoring 
programme was undertaken. The numbers of unmarked and cormorant-
damaged fish in 4 cages were compared. Two cages (A and B) 
containing c.4000 and c.1320 salmon smolts respectively (19 - 30cm 
long and weighing c.200g), were monitored over 7 months. Cage A was 
enclosed by an underwater predator net of the 'bag type', ie all 4 
sides and the bottom of the cage were protected by the netting, 
while cage B had no underwater net. Cages C and D, containing 
rainbow trout 24 - 31cm long and weighing c.250g each, were 
monitored during September and October 1986. Neither cage had an 
underwater predator net and the cage net of C was clean while that 
of D was heavily fouled with algal growth, a condition which 
increases over the summer months and necessitates the nets being 
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Fig. 5.4 	The 4 areas of cormorant damage on a fish, a - operculum 
region, b - belly region, c - dorsal fin region, d - 
tail region. 
changed as the water flow through them becomes restricted. 
(ii) Freshwater Site 
Between September 1985 and March 1986, and the same period in the 
following year, dead fish were removed and collected each week. 
These were examined for cormorant damage and the position of damage 
was recorded (Fig. 5.4). 
5.3.2 	Results 
(a) 	Stomach Contents 
Twenty nine (52%) of the 56 cormorant stomachs contained fresh food. 
Only one of the 4 killed at marine sites contained fresh food - 7 
unidentified sprat/herring, a cod, a saithe and a viviparous blenny. 
In freshwaters, 45 fish specimens of at least 4 species were 
recorded (Table 5.2). The size of fish ranged from 31mm (3 spined 
stickleback) to 350mm (brown trout), with large rainbow trout of 
315, 308, 288 and 250mm also being recorded. Of the 43 fish 
identified, the majority (86%) were salmonids with a median length 
of 150mm (range: 70 - 350mm), and of the identified salmonids (n = 
26), most (92%) were rainbow trout - the remaining 2 were brown 
trout. 
Twenty seven (49%) of the stomachs contained no food. Parasitic 
nematode worms were found in 49 (87.5%). Several contained fish 
hooks and/or nylon monofilament line of varying lengths, however 
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Table 5.2 	The stomach contents of 29 cormorants killed at 6 






Rainbow trout 24 14 	(48.3) 
Unidentified salmonid 11 9 	(31.0) 
3 spined stickleback 5 5 	(17.2) 
Brown trout 2 2 	(6.9) 
Unidentified fish 2 2 	(6.9) 
Common eel 1 1 	(3.4) 
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only one hook had punctured the stomach wall. Two other birds were 
tangled in fishing line, the first had a hook embedded in its wing, 
and the second had a large knot of line wrapped around its wing and 
was unable to fly. 
(b) Predation 
(1) Marine Site 
At this site, of 17 302 dead fish examined from all cages over the 7 
month study, 800 (4.6%) were damaged by birds. Of these, 112 (14.0%) 
were damaged with marks characteristic of cormorants (see Appendix 
1), representing 0.65% of the total recorded mortality. Financially, 
bird-damaged fish accounted for 1.9% of the farmer's expenditure and 
of this, cormorant-damaged fish accounted for 74.9% (Fig. 3.26). 
Unlike shags (see 4.4.2), cormorants did not damage the smallest 
rainbow trout at the site, but attacked the larger trout and salmon 
smolts. However, they did not appear to attack fish larger than they 
could swallow. 
Sixty eight percent of all the dead smolts recovered from cages A and 
B had been damaged by cormorants. Signficantly more were damaged in 
the unprotected cage than in the protected one (X 2 = 14.5, df = 1, P 
< 0.001) (Table 5.3). Significantly more trout were damaged in the 
cage with the clean net (cage C) than in the fouled one (cage D) (X 2 
= 48.8, df = 1, P < 0.001). Of the 29 dead trout removed from cage 
Table 5.3 The number of dead fish recorded as being either marked 
by cormorants or unmarked, in two cages over a period of 
7 months. Cage A with predator net, cage B without 
predator net. Both contained salmon smolts. 
CAGE  CAGEB 
MONTH NO. MARKED NO. UNMARKED NO. MARKED NO. UNMARKED 
August 0 0 0 0 
September 1 0 11 7 
October 7 0 10 1 
November 1 2 35 1 
December 0 0 0 0 
January 0 4 0 3 
February 0 9 0 2 
Totals 9 15 54 14 
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D, none were damaged while of the 58 removed from cage C, 46 (79%) 
were damaged (Table 5.4) 
(ii) Freshwater Site 
Between September 1985 and March 1986 cormorant damage was recorded 
during 3 months (Table 5.5); (a) November 1985 - 3 out of 2299 dead 
trout were damaged during one week, representing 0.1% of the week's 
recorded mortality; (b) December 1985 - ii out of 1640 dead trout 
were damaged during one week, representing 0.7% of the week's 
recorded mortality; and (c) March 1986 - 71 out of 1442 dead trout 
were damaged during one week, representing 4.9% of the week's 
recorded mortality. 
During the same period the following year, none of the estimated 24 
000 dead trout examined were damaged by cormorants. 
Three-quarters of wounded fish had a single deep triangular wound on 
one side often penetrating into the pericardial cavity (when in the 
operculum region) and often damaging internal organs (when in the 
belly), and corresponding lower mandible marks on the other. These 
wounds were not evenly distributed over the body of the fish (X 2 = 
13. 5, df = 3, P < 0.01 ), but tended to he on the operculum or 
belly (Table 5.6). The remaining 25% of fish had multiple injuries 
ranging from single wounds on both sides to a fish with 5 wounds on 
one side and 3 on the other. 
268 
Table 5.4 	The number of dead fish recorded as being either marked 
by cormorants or unmarked, in two cages over a period 
of 2 months. Neither cage with a predator net. Cage 
net of C was clean, while that of D was fouled with 
algae. Both contained rainbow trout. 
MONTH 
CAGE C CAGE D 











Totals 46 12 0 29 
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Table 5.5 	The number of dead rainbow trout recorded as being 
either marked by cormorants or unmarked, at a fresh-
water cage farm between September 1985 and March 1986. 
MONTH NO. MARKED NO. UNMARKED 
September 0 6 932 
October 0 7 587 
November 3 7 646 
December 11 1 640 
January 0 2 500 
February 0 1 500 
March 71 1 442 
Totals 85 29 247 
Table 5.6 	Position of cormorant inflicted wounds on rainbow 
trout. 
POSITION OF DAMAGE NO. FISH PERCENTAGE 
Operculum 25 39.1 
Belly 21 32.8 
Dorsal Fin 16 25.0 
Tail 2 3.1 
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5.3.3 	Discussion 
The majority of prey items recorded from the stomachs of cormorants 
killed at freshwater farms were salmonids, although 3 spined 
stickleback and common eel were also present. Salmonids are a major 
constituent of the diet of cormorants feeding in a variety of 
freshwaters. Mills (1965) found that on inland lochs brown trout, 
perch, young salmon and eels were mainly taken and Piggins (1959) 
also found that on Irish freshwaters they fed on brown trout and 
eels, although more recently the diet appears to have become 
dominated by roach (Rutilus rutilus), a change thought to be linked 
to the dramatic increase, in numbers and distribution, of this fish 
in Ireland since the 1970's (MacDonald 1987). The size of the 
salmonids from birds killed at fish farms was well within the size 
range of fish known to be taken by cormorants. Mills (1965) found 
that the mean length of brown trout taken was c.25cm, with a fish of 
c.46cm being recorded. The largest salmonid found in the present 
study was a brown trout measuring 35cm. The fact that the majority 
(92%) of identifiable salmonids taken by cormorants feeding around 
fish farms were rainbow trout lends credibility to farmer's claims 
that birds take fish from cages. However, there is no evidence to 
support this. 
Cormorants feeding adjacent to farm cages were regularly seen 
manipulating live fish on the surface whose estimated lengths were 
considerably longer than those of the fish in the cages alongside 
which the birds were feeding. As the majority of fish cage nets had 
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a mesh size in the region of 1cm square, it seems unlikely that 
cormorants could extract fish from cages through such fine mesh and 
bring them to the surface alive. To extract fish from cages 
cormorants would need to make holes in the nets which would be large 
enough for other fish in the cage to escape through. Holes were 
sometimes found in nets, but there was no evidence they were made by 
cormorants, nor was any fish loss recorded which would be consistent 
with the regular holing of nets by birds. 	Several cormorant 
stomachs contained items of fishing tackle; 	6 contained hooks 
attached to line, one of which also contained a further 7 unattached 
hooks. Two of these stomachs contained well-digested rainbow trout 
and the hooks may have originated from them. A third stomach 
contained a hook baited with the remains of 4 maggots while another 
contained a freshly-eaten rainbow trout with a hook in its mouth 
attached to 83cm of line. These birds were killed at large cage 
farms on lochs well used by anglers. There was especially high 
angler pressure in the vicinity of farm cages and the incidence of 
fishing tackle in cormorants' guts further suggests that the birds 
were taking fish from outside farm cages - and not farm stock from 
within them. Cormorants are probably attracted to feed at farms by 
the increased stocks of fish, particularly those of escaped rainbow 
trout, in the waters immediately adjacent to cages (see Chapter 2). 
It is interesting that two of the other species taken by cormorants 
(brown trout and 3 spined stickleback) were also commonly caught 
adjacent to cages, while the third (common eel) is so numerous on 
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the bottom below cages that attempts are being made to catch it on a 
commercial basis (S. Hart pers. comm.). 
The main problem caused by cormorants at cage farms was not one of 
stock depletion caused by birds directly eating fish, but one of 
fish being attacked through cage netting. Cormorants were able to 
damage fish by poking their beaks through the nets. However, this 
appears to occur sporadically, and the level of damage is not 
constant during the period of cormorant presence in an area. 
Cormorant wounds on fish in cages appear to be similar to those 
inflicted on wild fish. Van Dobben (1952) found that most of the 
fish he examined from cormorant regurgitates in the Netherlands had 
been caught just behind the gills, while Takashima and Niima (1957) 
found that the biting marks of Temminck's cormorant (Phalacrocorax 
attirelis) were also centred in the region behind the gills and 
speculated that this region was attacked because it contained vital 
organs. It seems likely that most of the damaged fish die from 
their wounds either immediately, or later having subsequently 
succumbed to bacterial and fungal infection. 
Particular instances of damage may appear to he quite considerable, 
with many fish being damaged in a short space of time, but in terms 
of the overall mortality at the farm, or its operating costs, losses 
were small. At a marine site 71 trout (all of marketable size) were 
damaged in a week and 35 salmon smolts (costing £1.50 each) were 
marked in a single cage over a period of no more than 2 or 3 days. 
However, over the 7 months of monitoring, only 112 out of 17 302 
dead fish examined were damaged by cormorants, representing only 
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0.65% of the recorded mortality. Financially, this represented 1.4% 
of the total costs incurred at the site over the monitoring period. 
At a freshwater site, 85 of the 25 247 dead fish examined were 
damaged, representing 0.34% of the recorded mortality. In terms of 
the total stock held at the farm (about 1 400 000 fish) this 
represents only 0.006%. Cormorant damage to stock could be reduced 
significantly if commercially produced anti-predator netting was 
used underwater around cages; an unprotected cage suffered more than 
twice the damage of a protected one. However, it was also clear 
that cormorants were still capable of damaging fish in cages with 
underwater nets, and there is obviously room for considerable 
improvement to existing underwater anti-predator net technology. In 
the absence of predator nets the condition of the net used to hold 
the fish also influenced the levels of cormorant predation; cages 
with net fouled with seaweed and other growth suffered lower levels 
of predation than cages with clean nets. It is thought that 
fouling, as well as restricting such things as water flow, may also 
restrict both a bird's ability to see fish in a cage, and possibly 
its ability to reach them, so reducing damage. 
By comparison with extensive aquaculture systems (eg Osieck 1982, 
Barlow and Bock 1984, Noerbeek et al 1987), the losses caused by 
cormorants at intensive cage systems in the present study were 
extremely small. The number of birds involved in cage predation was 
also small, with no more than 6 birds being seen at a site at any 
one time throughout the study. There was little evidence that 
cormorants were a problem at Scottish pond farms where the areas of 
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water involved were small. Indeed, Moerbeek et al (1987) used such 
small ponds at Dutch fish farms as control sites during their study, 
as they were never visited by cormorants. 
5.4 Cormorant Persecution at Fish Farms 
This section examines the data on persecution collected from several 
study farms, and attempts to quantify the number of cormorants 
killed throughout Scotland in years of differing levels of 
persecution. Details of ringed birds recovered in the study area 
are given. 
5.4.1 	Methods 
(a) Study Farms 
As discussed (see 7.3.1 a) I collected reliable data from 10 study 
farms on the number, age and date of death of birds killed during 
1985/86 and 1986/87. Cormorants were killed at 6 of these farms and 
I was able to compare the number of birds killed during these two 
years with the figures provided by staff at each site on their 
questionnaire returns. 
Farmers judged the scale of their bird problem primarily by the 
numbers of damaged fish they found in cages, but also by the number 
of birds they saw feeding in the vicinity of their farms. 
Cormorants were a problem at a large freshwater cage trout farm on 
Loch Awe during the 1985/86 winter, while the following year few 
birds were seen at the farm. As birds were not counted on Loch Awe 
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(see 5.1.3), I investigated the relationship between the number of 
birds killed at the farm and the number of cormorants recorded 
during transect counts on nearby Loch Etive in each year. 
(b) Estimating Persecution on a National Level 
Methods used for estimating the national scale of persecution were 
similar to those used for herons (3.6.1 b) and shags (4.5.1 b). 
Questionnaire returns (which I had no reason to disbelieve) 
suggested that cormorants were killed at 37.8% of salmon sea-cage 
sites, 83.3% of freshwater cage sites and 13.3% of freshwater pond 
farms. By applying these proportions to the DAFS (1985) survey 
figures I was able to estimate the total number of farms at which 
cormorants were killed. 
Data from study farms showed that the number of birds killed varied 
between 1985/86 and the following year, and as I had accurate' 
figures for the number of birds actually killed during these 2 years 
and the figures provided by staff on questionnaire returns, I was 
able to adjust the questionnaire figures (which dealt with an 
'averaget year) to estimate the number of birds killed in years of 
light and heavy persecution. In doing this, my assumptions were the 
same as for herons (3.6.1 b); that the phenomenon of varying 
persecution in each year applied to all farms throughout Scotland 
and that differences in persecution levels recorded at study farms 
in relation to questionnaire return figures were the same at all 
farms. 
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As with shags (4.5.1 b) cormorants were also drowned in underwater 
predator nets and I collected drowned birds from study farms and 
calculated the ratio of drowned to deliberately killed birds. 
Again, it should be noted that although the number of drowned 
cormorants is almost certainly an under-estimate, it was obvious 
that the numbers drowning were only a small fraction of the numbers 
being deliberately killed. 
Finally, as study farm data had shown that 75.0% of the cormorants 
killed at farms were juveniles, I assumed that this applied to farms 
throughout the country and was able -to estimate the overall age 
ratio of killed birds. 
(c) Ringing Recoveries 
Details of cormorants ringed in the Orkneys and south Argyll were 
examined and details of those recovered in the study area were 
extracted. Details of ringed birds recovered from fish farms in the 
study area were also recorded. 
5.4.2 	Results 
(a) Study Farms 
Of the 56 dead cormorants examined from 6 sites, 54 (96%) had been 
shot and 2 (4%) had drowned in underwater netting, 40 (75%) were 
juveniles and 14 (25%) were adults. Juveniles were killed 
throughout the year, but the largest proportion died between January 
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and March. Adults were killed between January and June, but the 
majority again died between January and March (Table 5.7). 
During 1985/86 more than twice (n = 55, 2.6 times) as many dead 
cormorants were recorded than during the 1986/87 period (n = 21) and 
farmers perceived their bird problem to be greater during the winter 
of 1985/86. 
When the number of cormorants killed at a cage farm on Loch Awe 
betwen November 1985 and May 1986 and the same period in the 
following year were compared with the total number of cormorant 
sightings on nearby Loch Etive over the same periods (Table 5.8) the 
two years were different (X 2 = 26.4, df = 1, P < 0.001). The number 
of birds killed at the farm was large when count numbers on Loch 
Etive were low and conversely, when few birds were killed inland at 
the farm, larger numbers were recorded on Loch Etive. 
(b) Estimating Persecution on a National Level 
From questionnaire returns and figures provided in the DAFS (1985) 
fish farm survey, I calculated that cormorants were killed at 45 
salmon sea-cage sites, 14 freshwater cage sites and 8 freshwater 
pond farms. From questionnaire returns I estimated that between 749 
and 829 cormorants would be killed annually at salmon farms, between 
370 and 510 at freshwater cages, and a further 8 at freshwater pond 
farms. Therefore extrapolation from questionnaire returns implied 
that between 1127 and 1347 cormorants were killed annually at 
Scottish fish farms. 
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Table 5.7 	The number (%) of adult and juvenile cormorants killed 




NO.  NO. 
Jan/Feb/Mar 8 (57.1) 25 (59.5) 
Apr/Nay/June 6 (42.9) 3 (7.1) 
Jul/Aug/Sept 0 - 7 (16.7) 
Oct/Nov/Dec 0 - 7 (16.7) 
Table 5.8 	The total number of cormorant sightings on Loch Etive 
between November 1985 and May 1986 and the same period 
in 1986/87, and the number killed at a nearby 
freshwater cage farm on Loch Awe during the same 
periods. 
NOV 85! NOV 86/ 
MAY 86 MAY 87 
No. Cormorant Sightings 
on Loch Etive 23 88 
No. Cormorants Killed 
on Loch Awe 23 11 
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However, study farm records indicated that during a year of heavy 
persecution (1985/86) farmers killed 13% fewer cormorants than they 
claimed to do in an 'average' year in questionnaire returns, and 
that during a year of light persecution (1986/87) they actually 
killed 65% fewer cormorants than they claimed. Thus in a year of 
light persecution I estimated that between 394 and 471 birds would 
be killed while in a year of heavy persecution between 1020 and 1219 
birds would be killed. In addition, a further 4% are estimated to 
drown in underwater nets at cage farms. Therefore, depending on the 
level of persecution in any one year, between 410 and 1268 
cormorants are estimated to be killed at Scottish fish farms, of 
which 25% (n = 102 - 317) are adults. 
(c) Ringing Recoveries 
Ringing recoveries show that some of the birds in the study area 
originate from colonies considerable distances away (Fig. 5.5). 
5.4.3 	Discussion 
The majority of cormorants killed at fish farms were shot. Balfour 
et al (1967) found that 64% of all Orkney ringed cormorant 
recoveries were from birds 'found dead'. However, shooting was the 
major reported cause of death, followed by drowning in salmon nets, 
with first-years being more likely to die of these causes than 
adults. Coulson and Brazendale (1968) found that half of the 
British ringed cormorant recoveries were from shot birds, but 
concluded that there had been a progressive and general decrease in 
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Fig. 5.5 	The origin of cormorants ringed as nestlings and found 
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the intensity of shooting in Britain and Ireland. However, Oliver 
(1974) still found that 32% of first-year recoveries from birds 
ringed on the Lamb, an island in the Firth of Forth, were birds that 
had been shot. As with shags, ringed birds recovered in the study 
area came from several different colonies, often considerable 
distances away - including several recoveries from Orkney ringed 
birds, a distance of 375km, and it seems unlikely that shooting 
cormorants at fish farms will reduce the number of birds visiting a 
farm. 
National ringing recoveries indicate that the highest levels of 
mortality amongst cormorants occur during the first year of life. 
Coulson (1961) found that 75% of the recoveries from birds ringed in 
the Fame Islands were of first-winter or first-summer birds, while 
Balfour et al (1967) found that 87% of the Orkney ringed cormorant 
recoveries were first-years. As has already been discussed (see 
3.6.3), Newton (1979) states that persecution will only lead to a 
population decline if certain criteria are met. Periods of 
natural mortality may vary from year to year according to weather conditions, 
so mortality from shooting for instance may be additive in some years and 
not in others. The majority of cormorants killed at fish farms are juveniles 
and most are killed 
during trie winter months, and it is possible that persecution at 
farms is merely cropping an expendible, -and already doomed surplus. 
However, in years of heavy persecution this may not he true. 
Although protected under the Wildlife and Countryside Act (1981) 
(see 3.6.3), considerable numbers of cormorants are killed at 
Scottish fish farms. The actual numbers killed will vary from year 
to year. It. was calculated that over one third (36%) of the 
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cormorants killed at Scottish fish farms died at inland freshwater 
sites. 
The number of birds moving to these sites may, in some part at 
least, be related to conditions at the coast. Van Dobben (1952) in 
his study of the food of the cormorant in the Netherlands, concluded 
that the dietary composition showed many fluctuations, and that 
differences between two successive years indicated changes in the 
fish population. McIntosh (1978), in a study of the distribution 
and food of cormorants on the lower reaches of the River Tweed, 
stated that the weather conditions and the availability of food at 
sea were probably important in determining the number of birds 
coming inland. By analogy, it may be that the availability of food 
in the marine habitat influences the numbers of cormorants using 
freshwaters and fish farms. Based on previous studies of cormorant 
diet outwith the breeding season (Rae 1969, Mills 1965) it seems 
reasonable to assume that birds over-wintering in the study area 
would feed extensively on clupeoids and gadoids when present. 
During the 1985/86 winter, stocks of these fish were low in the 
sealochs of the study area (see 1.8), and although cormorant numbers 
on Loch Etive were low, they were regularly seen feeding close to 
farm cages on Loch Awe and many were shot. During the following 
winter fish stocks and cormorant numbers were high on Loch Etive; 
birds were rarely seen at the fish farm and fewer were shot. This 
pattern was repeated at a second large freshwater cage farm in 
Tayside (S. Barnes pers. comm.). 
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All but four of the cormorants examined had been killed at 
freshwater sites, and it would have been interesting to have 
examined the stomachs of more birds killed at marine sites over the 
two winters to determine whether gadoids and clupeoids were totally 
absent during 1985/86, as they were for the shags examined. 
However, only a single bird, killed during 1986/87, contained fresh 
food - 7 unidentified sprat/herring, a cod, a saithe and a 
viviparous blenny (see 5.3.2 a). 
It was estimated that between 410 and 1268 cormorants may be killed 
at Scottish fish farms each year, 25% of which (n = 102 - 317) are 
adults. Operation Seafarer located 3671 pairs of cormorants nesting 
in Scotland during 1969/70 (approximately 46% of the UK population) 
and it is thought that the current Scottish mid-winter population is 
likely to be between 9 200 and 11 500 birds (Dunnet, in Lack 1986). 
At its highest levels persecution may account for between 11.0 and 
13.8% of these figures. Thom (1986) stated that cormorant 
persecution was at present probably appreciably less than it used to 
be and that there were no other threats to the population, although 
many drowned in nets. However, persecution at fish farms is 
widespread, and it is possible that at current levels it could 
affect the Scottish cormorant population. 
THE GOOSANDER (Mergus merganser) AND THE 
RED-BREASTED MERGANSER (Mergus serrator) 
6.1 	Seasonal Changes in Number and Sex Ratio Within the Study 
Area 
6.1.1 	Methods 
All goosanders seen within the study area between 1 April and 31 July 
1986 and between 1 January and 30 June 1987 were recorded, as were 
all mergansers seen between 1 November 1986 and 31 May 1987. The 
location, age and sex, as determined by plumage colouration (Cramp 
and Simmons 1977, Carter 1987), were recorded for each bird. 
6.1.2 	Results 
(a) 	Goosander 
In 1986, adult goosanders were seen 117 times, mostly (95.7%) feeding 
adjacent to fish farm cages on Loch Awe. The remaining sightings 
were also on freshwater (the River Awe), except for a single duck 
with a brood of 6 ducklings seen on Loch Etive close to the mouth of 
the River Awe. Goosanders visited the farm in small groups of 2 or 3 
pairs with the occasional single bird. The largest group (22 drakes 
and a single duck) was recorded on 27 May. Thereafter through the 
remainder of May, June and into July the few birds seen were all 
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ducks, except for a single drake on 9 June (Fig 6.1) 
In 1987 adult birds were seen 48 times and only 17 sightings (34.5%) 
were of birds at the fish farm (Fig 6.2). Of the remaining 
sightings, 15 (31.2%) were on the sealochs Etive, Creran and Feochan 
during January, February and March, and 16 (33.3%) were on 
freshwaters - the rivers Avich, Nant and Awe and Loch Seil, Loch nan 
Druimnean and Oude Reservoir (see Fig 1.3). 
(b) 	Merganser 
Mergansers were seen throughout the year, but were more abundant in 
the winter and spring. The majority (97.0%) of the 333 sightings 
were of birds on sealochs, the rest were on freshwaters during April 
and Nay. As the season progressed, birds formed pairs and although 
they also remained in small groups (usually containing less than 10 
individuals) the number of single birds and single-sex pairs 
decreased (X2 = 11.0 31 df = 2, P <O.Oi) (Table 6.1). 
6.1.3 	Discussion 
(a) 	Coosander 
Although undoubtedly under-recorded, the goosander is thought to he a 
scarce breeding species in Argyll, generally confined to the larger 
rivers of the mainland (Galbraith 1987). Meek and Little (1977) 
estimated there to be 50 breeding pairs in Argyll and the Inner 
Hebrides during 1976. Previous records for mid and north Argyll have 
fluctuated, but always show similar patterns with a rapid decline in 
ME,  
Fig. 6.1 	The number and sex ratio of goosanders seen at a fish 














Fig. 6.2 	The number and sex ratio of goosanders seen at a fish 
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Table 6.1 Mergansers within the study area between 1 December 1986 
and 31 May 1987. 
NO 
NO SMALL NO. SINGLE BIRDS! 
PAIRS GROUPS SINGLE SEX PAIRS 
Dec/Jan/Feb 10 15 31 
Mar/Apr/May 37 20 28 
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the number of drakes between May and June, conforming to the pattern 
elsewhere in the British breeding range. There is evidence that 
drakes undergo an extensive moult migration, leaving breeding areas 
in late May and early June to moult in northern Norway (Little and 
Furness 1985), while ducks generally stay to moult on their breeding 
grounds. 
During March 1984, 3 adults and 1 immature drake and 7 ducks were 
counted on Loch Awe, while during July only 4 ducks were recorded (R 
Broad, RSPB, pers. comm). In the following year during a survey of 
the wildfowl of open freshwaters in Argyll, Broad et al (1986) 
recorded 21 drakes and 27 ducks during May, while their June count 
again produced 27 ducks but only a single drake. These numbers, for 
drakes at least, are remarkably similar to those counted at the fish 
farm in Loch Awe in 1986, when 22 were seen towards the end of May. 
Thereafter all the birds seen were ducks, with the exception of a 
single drake in June. 
This suggests the importance of Loch Awe as a gathering point for 
drakes in the spring prior to their moult migration. A similar 
situation was described by Little and Furness (1985) for a loch in 
the Scottish Borders which was thought to act as a major gathering 
site for drakes from a large area of the Borders and northern 
England. In 1987 fewer birds were recorded both at the fish farm and 
in mid and north Argyll as a whole - where birds were counted in 
March/April and July as part of the BTO's nationwide sawbill survey 
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(M Madders, BTO, pers. comm). The reasons for such annual variations 
in goosander records are unknown, but it could be due to differences 
in counting methods, as only in some years were complete river 
systems surveyed on foot. Loch Awe was surveyed completely by boat 
in some years, while in others counts were made only from the road. 
The size of Loch Awe itself (3 900 ha) may have caused some problems 
and birds could have been missed behind some of the numerous islands. 
However, it is also possible that either weather, the availability of 
fish, or a combination of both, may influence the number of birds on 
the loch, the length of time they spend there and the attractiveness 
of the fish farm as a feeding site. 
(b) 	Merganser 
The red-breasted merganser is a common breeding and wintering species 
in Argyll (Galbraith 1987) and, along with eider ducks (Somateria 
mollissima), is usually the commonest species on many sealochs within 
the study area (Owen et al 1986). Birds were commonly seen in small 
groups or pairs during the winter and spring, but by late summer 
flocks of up to 50 moulting birds (predominantly drakes) were seen at 
the mouth of Loch Etive (Ardimicknish Bay) and smaller groups of 20/30 
were recorded on Loch Creran. Mergansers were seen on inland 
freshwaters where they are known to breed, but in smaller numbers 
than the goosander. 
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6.2 	Predation and Persecution at Fish Farms 
6.2.1 	Methods 
All incidents of predation where sawbills were implicated were 
recorded at farms within the study area. Any birds killed at these 
farms were collected and weighed (to the nearest log). Stomach 
contents were examined and identified as in previous sections. 
6.2.2 	Results 
(a) 	Goosander 
This species was reported as being a problem at only one site within 
the study area - a large cage farm in Loch Awe - where during April 
1986, February/March 1987 and February/March 1988 they were 
implicated in several incidents of damage to cage nets. During these 
periods birds were regularly seen in the early mornings and late 
evenings feeding close to a particular row of cages situated on the 
off-shore side of the farm and containing fish weighing less than 
300g. 
The nets of several cages in this row suffered repeated damage, being 
frayed and torn in many places at a depth of approximately 1 metre. 
The resulting holes, up to 20cm in length, were sewn up every day, 
but new ones had often appeared by the following morning. Although 
there was no evidence that birds were taking fish from cages or 
damaging them (no marked fish were found) fish often escaped from the 
resulting holes and losses of up to 7% per cage were sustained 
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(S Hart, pers. cornm). Consequently, birds were shot at this site 
each spring; 2 drakes were killed in 1986, a single drake in March 
1987, 3 drakes and a duck in February and a pair during March 1988. 
Unfortunately, only 4 of these were available for examination and 3 
contained no fresh food. However,, one contained a fresh rainbow 
trout estimated to be approximately 16cm long and to weigh about 45g. 
(b) 	Merganser 
In the course of feeding, mergansers on seaiochs were regularly seen 
passing close to fish farms. However, they appeared to completely 
ignore them as specific feeding sites, as did flocks of moulting 
birds in the summer. No reports were received during the study of 
them causing a problem at any farms, either marine or freshwater, and 
consequently there were no records of persecution either. 
6.2.3 	Discussion 
(a) 	Goosander 
In the spring goosanders visited a fish farm in the early morning and 
late evening, conforming to the diurnal pattern of activity 
determined by Sjoberg (1985) for birds at this time of the year. 
Birds appeared to choose cages containing smaller fish and appeared 
to attack nets, producing holes and the subsequent escape of stock. 
The period of net damage coincided exactly with the period of bird 
presence at the farm and throughout the rest of the year no net 
damage was recorded. 
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The number of goosanders killed at Scottish fish farms is likely to 
be considerably smaller than the number killed on river and loch 
systems in an attempt to protect wild salmon stocks, estimated to be 
approximately 850 birds in 1983 and 1984 (Anon 1985). However, in 
terms of local populations, persecution may be important. On Loch 
Awe the numbers of birds killed each spring has increased from 2 
drakes in 1986 to 4 drakes and 2 ducks in 1988. Only 16 drakes were 
counted in north Argyll during intensive searches for the BTO survey, 
but a maximum of 22 has been recorded, and persecution in 1987 
represents over 18% of this figure. These birds are killed during 
the few weeks of pair formation and breeding and probably represent 
direct losses to the breeding population. As persecution appears to 
be increasing, the local population could be reduced. 
(b) 	Merganser 
Merganser predation does not appear to occur at Scottish fish farms 
and there is no evidence of persecution. 
[If4NA 
GENERAL DISCUSSION AND CONCLUSIONS 
The Scottish aquaculture industry is relatively young; the majority 
of farms use cages (DAFS 1986) which have been primarily designed to 
withstand wind and waves with operational design considerations being 
secondary and very little thought for predator exclusion. 
Consequently, problems are inevitable. Although care is needed when 
drawing conclusions based on questionnaire returns, it appeared that 
the problem of avian predators at fish farms was widespread in 
Scotland - in both marine and freshwater environments (chapter 1). 
7.1 The Problem Species 
Herons and cormorants were the main avian predators at farms 
(chapters 3 - 6). Very little evidence was found of predation by 
shags though they were often present in the vicinity of cages. 
Predation by goosanders was also minor and limited to a small number 
of sites. Gulls and crows were common pests at farms - as 
opportunistic scavangers rather than predators and although other 
species (eg. red-breasted merganser, terns, auks) were often seen 
close to farms, there was no evidence that they were a problem. 
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7.2 The Seasonality of the Problem 
Herons visited farms throughout the year, usually during the hours of 
darkness. Their pattern of arrival and departure differed between 
winter and summer, and they were often more obvious to farmers during 
the winter months when daylight was short and they arrived to feed as 
soon as staff began to leave, remaining there until staff returned in 
the early morning. Herons visited farms in larger numbers during the 
winter months, particularly during cold weather when natural feeding 
opportunities may have been reduced, and during the autumn when 
juvenile birds had fledged. Cormdrants and shags also visited farms 
in larger numbers during the winter. Many of these birds, dispersing 
from their natal and breeding colonies, over-winter and feed 
regularly in the sheltered sealochs favoured by the fish farming 
industry. Cormorants also move inland during the winter and cause 
problems at freshwater farms. There was no evidence that cormorants-
or shags caused problems at farms close to colonies during the 
breeding season. The timing of goosander attacks was predictable and 
confined to a few weeks during the spring. The severity of 
piscivorous bird predation at farms varied from year to year and was 
thought to be influenced by a number of factors including the weather 
and fluctuations in the availability of natural prey items. 
7.3 Bird Behaviour at Farms 
At pond farms herons wade into the water and take fish in the 
shallows. These sites did not seem to attract cormorants and as many 
were inland, shags were not a problem. 	Contrary to widely-held 
295 
296 
belief, herons at cages didn't usually feed from walkways, but stood 
on the top nets and reached into the cages through the mesh. Herons 
(average weight of about 1.70kg) could usually push a top net close 
enough to the water surface for birds to reach the fish. From this 
position herons could eat fish if they could be pulled through the 
mesh, or damage them - if they were dropped back into the water. 
Heron damage was characteristic, usually 2 wounds on either side of 
the fish caused by pressure from the sharp edges of the bird's 
mandibles. Associated with this, areas of epidermis and scales were 
often damaged, allowing bacteria to enter. Such wounds were often 
slow to heal, particularly if water temperatures are low, and 
infection spread outward and downward through the musciature and 
resulted in complete breakdown of the skin and even penetration of 
the body cavity. There was also the possibility of secondary fungal 
infection and it was thought that most damaged fish died of their 
wounds. Herons at cages consumed considerable numbers of fish and, 
although damaged fish were regularly found, they represented only the 
relatively small proportion which were dropped. Although juveniles 
dropped more fish than adults, both age classes had food intake rates 
at a fish farm that were considerably higher than those recorded in 
the literature for birds feeding in natural habitats. 
At cage farms cormorants attacked fish underwater by diving close to 
the sides of cages and farmers claimed that they both ate and damaged 
stock. However, there were considerable numbers of escaped rainbow 
trout in the vicinity of freshwater cages, many of them feeding on 
'waste' pellets falling through cages (chapter 2). It seemed likely 
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that cormorants found these areas attractive feeding sites. Although 
cormorants were regularly seen surfacing close to cages with live 
rainbow trout, there was no evidence that they were taken from cages, 
and claims that they tore holes in nets with their beaks appeared 
unfounded. However, they were capable of causing damage to both 
rainbow trout and salmon by poking their beaks through cage nets. 
The cormorant's large powerful beak with a formidable hook produced a 
characteristic deep wound or slash on one side of the fish and marks 
from the lower mandible on the other. Sometimes fish were gripped on 
the head which was totally squashed. Most damaged fish were thought 
to have died from their wounds. 
Claims that shags ate and damaged fish in a similar manner to 
cormorants were not supported by the evidence. Shag beaks produced 
characteristic marks on fish and very few shag-damaged fish were 
found even though the birds were often seen feeding close to cages. 
Again, there appeared to be considerable numbers of fish in the 
waters immediately adjacent to marine fish cages (chapter 2) but, 
unlike the freshwater situation, these were almost all wild fish. 
Although saithe were the only species to have fed on 'waste' pellets 
it seemed likely that many of the other species found food and 
shelter amongst cages. Several of the species caught in seine 
netting adjacent to cages were also commonly recorded in the stomachs 
of shags shot in the same location, and it appeared that juvenile 
shags, in particular, had an increased food intake rate when feeding 
close to the cages. Apart from one rainbow trout, almost certainly a 
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dead fish thrown into the sea, no salmonids were found in the 
stomachs of shags killed at farms. 
7.4 Quantifying Predation 
Predation was quantified at both marine and freshwater sites. Birds 
attacked the smaller fish held at the farm - those within their 
natural prey size-range. Although apparently severe in several 
cases, compared to the cost of other fish mortalities, losses of 
stock due to vandalism, the cost of replacing stolen equipment and 
the day-to--day running of the farm, losses caused by avian predation 
constituted only a relatively small fraction (about 4.6 to 7.2%). 
7.5 The Impact of Fish Farming on Birds 
The persecution of piscivorous birds at fish farms was widespread. 
Although shooting was most common, some birds were also deliberately 
trapped in nets and later killed, some were poisoned (with either 
aiphachiorolose or mevinphos placed in a dead fish bait) and some 
caught in leg-traps. Some farmers also visited heron colonies and 
cut down trees or otherwise destroyed nests. Although some birds 
undoubtedly become entangled in nets and drown (there were records of 
shag, cormorant, guillemot, black throated diver and diving ducks 
drowning in underwater anti-predator nets) the numbers involved 
appeared to be far less than those deliberately killed. 
The majority of herons, shags and cormorants killed at farms were 
juveniles killed during the winter months (September - April), a time 
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when natural mortality amongst this age class is high. So, much of 
the persecution at fish farms was merely removing birds that would 
have died of other causes. At present levels it is unlikely that 
persecution will have any effect on the Scottish populations of the 
species involved. However, problems may arise if the industry 
expands - as is predicted. In addition to an increase in salmon 
farms generally, many farmers are now rearing their own smolts in 
freshwater cages prior to transferrring them to marine cages. 
Consequently the number of freshwater cage sites is increasing (DAFS 
surveys). As smolts are a more vulnerable size than adult fish, 
there may be increased problems with herons and cormorants. 
Persecution appeared to have no long-term effect on the number of 
birds using a farm. 
Recoveries of birds ringed as nestlings showed that many 
young herons, shags and cormorants moved considerable distances in 
their first winter and those killed at fish farms came from colonies 
considerable distances away. 
Herons breeding near a freshwater cage trout farm were able to take a 
large proportion of their food there (chapter 3). Compared to other 
colonies in the study area, where birds fed almost exclusively in the 
natural habitat (sealochs and freshwaters), their breeding 
performance differed in the following ways: (a) earlier onset of 
laying, (b) larger clutches laid, and (c) larger broods survived to 
fledging. However, the increased production at this colony was 
offset by the large numbers of fuligrown adult and juvenile birds 
killed at the farm. 
7.6 Methods of Preventing Predation 
Most heron problems could be easily solved by changing the design of 
cages. Cage rails should be raised so that even if birds were to 
stand on top nets they would not be able to reach the fish. There is 
some debate as to the most appropriate height for top nets to be 
suspended above the water surface. Some farmers use nets suspended 
several metres above cages. These nets also completely protect the 
sides of cages and have a door in them to allow staff to enter and 
work under the nets. Some objections to this are the increased cost, 
the risk of collapse should snow and ice accumulate in winter, 
increased wind resistance and hence increased risk of damage during 
bad weather, and the higher profile leading to increased objections 
on scenic grounds (where the emphasis is to keep cage superstructures 
as low as possible to reduce the visual intrusion). In the case of 
lower level nets where there is a risk of herons reaching the fish, 
the mesh size of top nets could also be changed; either made smaller 
to prevent birds getting their heads and necks through, or made 
larger to prevent birds walking on them. 
Underwater predator nets became ineffective when water currents were 
so strong that they forced the predator net against the cage net, 
allowing birds to reach the fish. More effective methods of keeping 
the underwater nets in position, at all depths, are needed. There 
are several arguments against the use of underwater nets, including 
the fact that they reduce the water flow through cages (this flow is 
useful for oxygenating the cages and removing waste material from 
them). Water flow is often further reduced during the summer when 
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there is usually a heavy mussel and algal growth on the nets. 
Underwater nets could significantly reduce the damage caused by 
diving birds, but current netting was by no means totally effective 
even when installed and maintained correctly. At present, cage 
design allows a maximum distance of about im between cage and 
predator nets, a distance dependent on the width of the walkway. 
Some research is needed to see if a wider spacing could be achieved 
without interferring significantly with the working practices of farm 
staff, who regularly moor boats close to cages and fear that 
underwater predator nets fixed further from cage walkways would 
interfere with their access to cages. 
7,7 The Lack of Informed Advice 
There is no advisory body a farmer can turn to if confronted with a 
piscivorous bird problem. One of DAFS's responsibilities is for the 
licensing of predator control at fish farms and for the provision of 
advice on, and research into the effects of predators at fish farms. 
However, they have no publicly available literature on the subject. 
The Highlands and Islands Development Board (HIDB) has invested about 
£20 million in fish farming operations, providing financial 
assistance to the majority of farms in the Highlands and Islands 
(HIDB 1987). The Board provides practical advice and states that 
predator nets should be used, but with limited staff has no set 
policy for monitoring the operations they assist. The National 
Farmers' Union of Scotland, Fish Farming Committee, have produced a 
'Code of Recommendation for the Husbandy and Welfare of Farmed Fish' 
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(NF[JS 1986) which claimed to 'embody the latest scientific advice and 
the best current husbandry practices in the fish farming industry'. 
However, the predator problem was dealt with in a single sentence: 
'Adequate precaution should be taken to minimise attacks by birds and 
animals'. The Crown Estate Commissioners (CEC) who lease out areas 
of seabed for establishing fish farms as part of their 
responsibilities for managing the seabed on behalf of the Crown, 
recently produced 'Guidelines on the Siting and Design of Marine Fish 
Farms in Scotland' (CEC 1988) which were 'meant to be a helpful 
indication of how the careful choice of site and equipment, and 
attention to operating methods, can reduce conflicts with other fish 
farmers and with fishing, recreation and conservation interests.' 
However, the issue of 'wildlife' is dealt with in three sentences: 
'Seals and seabirds are likely to be attracted to cages, rafts and 
lines, and it is better to apply effective control measures from the 
start, rather than after predators have acquired the habit of 
visiting a site. Special anti-predator measures may be necessary at 
sites in the vicinity of seal colonies, heronries and eider duck 
areas. Special problems of wildlife control should be discussed with 
local staff of the Nature Conservancy Council.' The guidelines go on 
to state that 'research in hand by the NCC may enable them to improve 
and extend their advisory service.' The NCC are currently assessing 
a report they commissioned from the Institute of Aquaculture, 
University of Stirling, into the environmental impact of marine fish 
farms. However, at present the NCC has not produced a formal policy 
on fish farming and does not provide an advisory service. The Royal 
Society for the Protection of Birds (RSPB) has produced an advisory 
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leaflet, 'Protecting Fish Farms from Heron Predation'. However, the 
document makes no mention of cage culture, by far the commonest 
method used in Scotland. 
Another option open to the fish farmer is to contact one of the many 
netting manufacturers for advice on predator exclusion. I wrote a 
standard letter, asking for information on excluding birds such as 
herons from both cage and pond systems, and diving birds from cage 
systems, to eight manufacturers who advertise regularly in 'Fish 
Farmer' magazine. All were able to provide top nets and underwater 
anti-predator nets in a range of mesh sizes, but none offered advice 
on installation, appropriate mesh sizes or their effectiveness. 
Finally, the farmer may turn to one of several widely-available text 
books on fish farming. Although most mention predators (often in 
relation to disease problems), none provide any detailed advice on 
exclusion techniques. 
It, therefore, appears likely that the work presented in this thesis 
will be of practical benefit to the Scottish fish farming industry, 
and will hopefully lead to fewer losses of both farmed stocks and 
wild birds. 
SUMMARY 
One hundred and fifty nine Scottish fish farms were surveyed by 
questionnaire in 1985, and returns (n = 81) indicated that the 
problem of avian piscivorous predators was widespread. Grey heron, 
cormorant and shag, the principal species implicated, and goosander 
and red-breasted merganser, species also thought to cause problems, 
were studied in an area on the Scottish west coast from September 
1985 to August 1987. Data were also collected from farms in south 
Argyll, Highland and the Tayside Regions. 
Both weather and food availability varied during the period of 
study. The 1985/86 winter was colder and drier than usual, and the 
last three months of 1986 were exceptionally wet, while during 1987 
the weather differed little from normal. Stocks of juvenile gadoids 
and clupeoids, thought to be exploited by piscivorous birds, were 
absent, or at least very scarce, during 1985 while in 1984 and 1986 
they appeared to be plentiful. 
Seasonal changes in bird numbers were assessed by regular 
transect counts and records were kept of every heron seen in the 
study area. The pattern of adults on sealochs (where the majority of 
herons fed), one of high numbers during the autumn and spring and 
lower numbers during the winter and summer, was probably related to 
the breeding cycle, while numbers on freshwaters were more likely 
related to the severity of winter weather. The pattern of first-year 
numbers differed from that of older birds and also between the two 
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years, being highest in September and falling over the winter months 
to a level apparently dependant on the severity of the winter 
weather. 
Herons fed with no discernable diurnal cycle and on sealochs 
adults appeared to be territorial, selecting knotted wrack covered 
shores (thought to hold the highest densities of prey fishes), whilst 
first-years fed at less optimal sites. By switching feeding sites 
herons were probably able to feed throughout the tidal cycle, but in 
some cases first-years fed on the shore at sub-optimal states of the 
tide. 
Counts of 25/30 herons were regularly made at a large fresh-
water cage farm, but up to 35 birds were recorded. Both age classes 
visited the farm throughout the year and the pattern of bird numbers 
was the same in both years, being probably linked to the breeding 
season. Larger proportions of adults visited the farm in winter and 
spring and higher proportions of first-years in summer and autumn. 
Herons visited farms almost exclusively at night and during 
twilight periods and their pattern of arrival and departure varied 
during the year in response to changes in day length. Birds selected 
cages containing fish weighing less than 300g and took fish, almost 
exclusively, through top nets - a problem that could be solved by 
increasing the height of top nets above the water surface or altering 
their mesh size. Aggressive encounters were common, the majority 
being initiated and won by adults. 
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Herons took fish swimming close to the surface and these fish 
were generally smaller than the majority held in the cage and more of 
them were blind. 	Fish were either eaten or dropped, their wounds 
rendering them unmarketable. Adult herons, with a higher rate of 
successful strikes, had a higher intake rate than first-years in 
relation to the time spent feeding at the farm. However, a greater 
proportion of first-years' time was spent feeding and in terms of the 
actual time spent at the farm, both age classes had similar intake 
rates. Many birds probably took their daily food requirements from 
cages in a short period of time. 
Diet and production were monitored at heronries where birds fed 
on naturally occurring marine and freshwater prey items and at a 
colony where they appeared to feed almost exclusively at a nearby 
fish farm. At the former colonies diet varied between and during 
breeding seasons probably in response to changes in food 
availability. At the latter colony, diet (almost exclusively rainbow 
trout) remained unchanged and the abundant food supply probably 
influenced breeding, allowing birds to lay earlier, produce larger 
clutches and larger broods surviving to fledge. 
Persecution was widespread, although levels varied from year to 
year. Many of the birds killed at farms had been ringed as nestlings 
in colonies considerable distances away and persecution did little to 
reduce the numbers of birds at a farm. 
Most of the birds killed at farms were killed during their 
first winter, an age when natural mortality is high. Consequently, 
although 1069 to 1936 herons were estimated to he killed annually, it 
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seemed unlikely that this level of persecution reduced the Scottish 
population. 
Shags were present throughout the year and were most abundant 
between September and April, when birds dispersing from 
natal/breeding colonies overwintered in the study area. Between 
October and February c.71% of the shags recorded were adult; the 
proportion declining to 9% in May and between June and September all 
the birds seen were juveniles,  
Most shags visited farms during the early morning and late 
afternoon/early evening regardless of the state of the tide, unlike 
the natural habitat where they showed no diurnal pattern, but fed 
mostly on high and flow tides. Juveniles feeding close to farm cages 
had a higher food intake than those seen feeding elsewhere and were 
the most commonly recorded age class at farms. 
Shags appeared to be attracted to feed close to marine cages by 
the large concentrations of wild fish there. One hundred and eighty 
six prey items of at least 20 species were recorded from the stomachs 
of shags killed at farms. Most of these were fish species from 
inshore waters and their proportions varied from year to year 
probably reflecting the natural habitat availability of various fish 
groups. No evidence was found of shags extracting fish from cages 
and although birds were able to damage fish through cage nets, such 
losses were trivial. 
All the shags killed at farms were juveniles, the majority 
during the winter - a time when natural mortality amongst this age 
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class is often high. Consequently although between 1229 and 2705 
birds were estimated to be killed annually, it was unlikely that this 
level of persecution reduced the Scottish population. 
The majority of cormorants in the study area were probably 
dispersing from natal/breeding colonies and some probably over-
wintered. The numbers on sealochs fluctuated widely between months 
and between years. 
No diurnal or tidal feeding cycles were detected for cormorants 
in either the natural habitat or at a marine fish farm. Although 
samples were small, it seemed likely that birds visited fish farms 
within their normal feeding period - between dawn and late afternoon. 
At freshwaters, cormorants appeared to be attracted by the 
large numbers of escaped rainbow trout living in the waters adjacent 
to cages. 	Salmonids, particularly rainbow trout, were the most 
commonly recorded fish in the stomachs of cormorants killed at 
freshwater cages. Although birds could cause considerable damage to 
fish by gripping them through cage nets, no evidence was found of 
fish being removed from cages. 	Underwater anti-predator netting 
reduced damage but was not totally effective and more research is 
required to solve this problem. 
Twenty five percent of the cormorants killed at fish farms were 
adult and, as between 410 and 1268 were estimated to he killed 
annually at farms, the Scottish population might have been affected. 
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Of the other fish-eating birds, only goosanders were a problem 
(at one freshwater site) during a short period in spring. Gulls and 
crows, though regular visitors to farms, did not eat live fish but 
scavenged dead fish and fish food opportunistically. Several other 
species, including red-breasted mergansers, terms and auks, also 
visited farms but caused no problems. 
Viewed in isolation, attacks by fish eating birds appeared 
serious but such losses were small compared with other forms of fish 
mortality, and financially they represented only a small fraction of 
the running costs of the farm. 
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A series of measurements was taken from the dead herons, shags and 
cormorants collected at fish farms. All birds were weighed and the 
heads of herons and shags were measured to aid estimates of the 
length of prey items seen to be caught in the field. The bills of 
shags and cormorants were also measured to relate gape dimensions to 




Birds were weighed using a Pesola balance to the nearest lOg. 
Results 
(a) Heron 
The mean weight of the herons examined was 1.70kg (SE = 0.03, range 
0.90 - 2.60kg). However, adults were heavier than first-years (t 
3.3, df = 103, P < 0.01 ) (Table Al. 1). 
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(b) Shag 
All the shags examined (n = 40) were juveniles. The mean weight was 
1.67kg (SE = 0.04, range = 1.00 - 2.25kg). The mean weight of birds 
Table Al.l The mean weight (kg) of adult and first-year herons. 
AGE CLASS NO. MEAN WT. SD SE RANGE 
Adult 27 1.85 0.39 0.08 1.37 - 2.60 
First Year 78 1.64 0.31 0.04 0.90 - 2.25 
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varied according to the month, increasing from September to a peak in 
either November or December (no data) and then decreasing (F4)34 = 
4.19, p <0.001). It was also clear that the shags shot at fish farms 
were considerably heavier than those found freshly dead through 
starvation by Potts (1969) (Fig. Al.1). 
The 17 birds weighed during the winter of 1985/86 were significantly 
lighter than the 20 weighed in the following year (t = 4.4, df = 35, 
P <0.001). Those from 1985/86 weighed on average 1.50kg (SE = 0.02) 
while those from the following year averaged 1.79kg (SE = 0.04). 
(c) Cormorant 
Weights were recorded for 54 cormorants (14 adults and 40 juveniles), 
and there was no significant difference between the age classes (t = 
0.4, df = 42, NS) (Table A1.2). Monthly samples of birds were too 
small to determine any seasonal changes in weight. 
(B) Head Measurements 
(1) Methods 
For herons, the whole head, bill (to feathers) and bill depth were 
each measured (to the nearest 1mm) (Fig. A1.2), while for shag and 
cormorant, the whole head, bill (to feathers) and gape were measured 
(to the nearest 1mm) (Fig. A1.3). 
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Fig. Al.1 	The mean weight and associated 95% confidence intervals 
of shags killed at fish farm sites between the months of 
September and March (no data are available for December 
and Fçbruary). Also indicated is the average weight and 
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Table Al.2 The mean weight (kg) of adult and juvenile cormorants. 
AGE CLASS NO. MEAN WT. SD SE RANGE 
Adult 14 2.80 0.47 0.13 1.70 - 3.65 
Juvenile 40 2.86 0.40 0.06 2.20 - 3.80 
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Fig. Al.2 	Grey heron: position of head measurements, a - whole 
head, b - bill length, c - bill depth. 
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Fig. Al.3 	Cormorant (above) and shag (below): position of head 
measurements, a - whole head, b - bill length, c - gape. 
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For shag and cormorant, 'bite marks' were reproduced by pressing the 
upper and lower mandibles firmly onto a pad of tissue paper covered 
with card and carbon paper. These were traced onto squared paper and 
the mean width of the resulting marks was calculated at increasing 
distances from the beak tip. Similarly, bite marks were made on dead 
fish and then traced onto opaque polythene for comparison with marks 
found on dead fish at fish farms. 
(2) Results 
Heron 
For all three measurements, adult herons were larger than first-years 
(whole head, t = 	 p < 0.01; bill length, t = 3.2, P < 0.01; 
bill depth, t = 4.9, P <0.001) (Table Al.3). However, for 
observations in the field no differentiation was made between age 
classes and bill and whole head lengths were taken to be 115mm and 
200mm respectively. 
Shag 
The 3 head measurements (Table Al.4), rounded to the nearest 1mm, and 
several intermediate measurements, were used to estimate the size of 
prey items in the field (Table Al.5). 
Table A1.3 Adult and first-year heron head measurements. 
AGE 
CLASS NO. MEAN (mm) SD SE RANGE 
Whole Ad. 19 203.8 13.39 3.07 185 - 228 
Head FY. 56 193.9 9.90 1.32 175 - 215 
Bill Ad. 19 118.0 9.47 2.17 105 - 137 
Length FY. 56 111.0 7.62 1.02 98 - 125 
Bill Ad. 19 25.6 1.42 0.33 24 - 	28 
Depth Fy. 56 25.0 1.32 0.18 22 - 29 
Table Al.4 Shag head measurements (mm). 
NO. MEAN SD SE RANGE 
Whole head 18 136.6' 4.06 0.96 127 - 142 
Bill to feathers lB 62.6 3.20 0.76 55 - 	68 
Gape 18 92.7 2.66 0.63 86 - 	97 
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Table Al.5 	Shag head measurements used for estimating the length 
of prey items in the field. 
MEASUREMENT LENGTH (mm) 
Whole head = gape 230 
Whole head 137 
Between gape = whole head 115 
Gape 93 
Between bill length = gape 78 
Bill length (to feathers) 63 
Less than bill (to feathers) 50 
Table Al.6 	Cormorant head measurements (mm) 
NO. MEAN SD SE RANGE 
Whole head 13 170.1 7.0 1.93 158 - 178 
Bill to feathers 13 75.8 4.0 1.10 68 - 	SI 
Gape 13 114.4 5.8 1.59 105 - 123 
Cormorant 
The 3 head measurements were taken for 13 birds (Table A1.6). 
Shag and cormorant beak prints 
Shag beak prints were considerably smaller than those made by 
cormorants (Figs. Al.4 and Ai.5). These differences were used to 
distinguish the bird species responsible for the individual marked 
fish examined at farms. 
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Fig. A1.4 	Typical upper mandible marks of shags (a) and cormorants. 
(b) to scale. 	Bar represents 1cm, horizontal bars 
represent the beginning of the head feathers. 
1 
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Fig. A1.5 	The average width (mm) of shag and cormorant upper 
mandibles at increasing distances from the beak tip. 
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HERON PREY ITEMS 
A total of 627 prey items was collected from 6 colonies visited 
during the breeding seasons of 1986 and 1987; 611 (97.5%) were fish 
of at least 24 species, 9 (1.4%) were crustaceans of at least 3 
species and the remaining 7 (1.1%) were mammals of 2 species (Table 
A2.1). 
(A) FISH 
Butterfish were recorded at all 6 colonies; eel, long-spined 
sea scorpion and saithe were recorded at all 5 colonies at, or 
close to, the sea; 3 spined stickleback and 15 spined 
stickleback were recorded at 4 colonies and the remainder were 
found at 3 colonies or less. 
For 13 fish species and 4 other fish groups - salmon/sea 
trout; unidentified salmonids from colonies at, or close to, 
the sea; unidentified salmonids from the colony close to a 
fish farm and all salmonids - mean lengths (Table A2.2) and 
length frequencies (Fig A2.1) were calculated. 
For the remaining 12 species /categories of fish, although 
samples were small, lengths were recorded (Table A2.3). 
The timing of occurrance in the diet was also recorded for 
both those species/groups with large samples (Fig A2.2) and 
those with small samples (Table A2.4). 
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Table A2.1 The heron food items collected (N = 627) and the number 
of colonies at which they were found. 
Number 	Number of I 
Prey Item 	 collected colonies 
Butterfish 84 6 
Unidentified Salmonid 37 5 
Saithe 36 5 
Long Spined Sea Scorpion 28 5 
Common Eel 26 5 
3 Spined Stickleback 48 4 
15 Spined Stickleback 33 4 
Rainbow Trout 138 3 
Salmon Parr 50 3 
Corkwing/Goldsinny Wrasse 14 3 
Brown Trout 12 	1 3 
Salmon/Sea Trout 8 3 
Brook Lamprey 37 2 
Minnow 18 2 
Unidentified Gadoid 15 	1 2 
Flounder 3 2 
Plaice 3 2 
• 	Viviparous Blenny 3 	• 2 
• 	Greater Pipefish 3 2 
2 Spot Goby 2 	• 2 
Shanny 2 2 
Lumpsucker 4 1 
Perch 2 1 
Unidentified Clupeoids 2 1 
Unidentified Flatfish 1 	• 1 
Painted Coby 1 1 
Cod 1 1 
Shore Crab/Unidentified Crab 5 2 
Prawn 2 1 
Idotea spp 2 1 
Bank Vole 6 2 
Common Shrew 1 1 
Table A2.2 	The mean length (cm) of commonly recorded 
prey fish in heron food samples. 
Mean 
Fish n length SE 
Salmon Parr 50 8.1 0.192 
Brown Trout 12 15.5 0.891 
Rainbow Trout 138 15.5 0.322 
Minnow 18 5.8 0.294 
Common Eel 24 20.5 1.366 
3 Spined Stickleback 48 5.6 0.130 
Brook Lamprey 37 7.6 0.119 
Butterfish 79 12.1 0.204 
Long Spined Sea Scorpion 27 9.7 0.496 
15 Spined Stickleback 33 9.7 0.466 
Goldsinny/Corkwing Wrasse 14 10.9 0.563 
Saithe 36 8.8 0.637 
Unidentified Gadoid 12 8.6 0.830 
Salmon/Sea Trout 8 17.9 1 	0.789 
Unidentified Salmonids 
(Fish Farm Colony) 26 17.5 0.775 
Unidentified Salmonids 
(Other Colonies) ii 12.9 1.480  
Fig. A2.1 	The length frequencies of commonly recorded prey fish in 
heron food samples. 
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Table A2.3 	The lengths of fish species/groups for which only 
small numbers were recorded in heron food samples. 







Greater Pipefish 24,28,28 
2 Spot Goby 
	 5,6 
















Unidentified Clupeoid 11,11 
Table A2.4 	The month of collection for the fish species/ 
groups for which only small samples were recorded. 
Fish 	 I Month of Collection 
Perch 	 June, July 
Viviparous Blenny 	July x 2, August 
Lumpsucker 	 August 
2 Spot Goby June, August 
Painted Goby 	 August 
Shanny 	 June, August 
Cod July 
Unidentified Clupeoids 	June 
Greater Pipefish 	 June 
Fig. A2.2 	The monthly proportion of the fish species/groups 
conmonly found in heron food samples. 
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Four of the crabs recorded were shore crabs, while the fifth 
was not identified, 2 common prawns and 2 Idotea spp. were 
also found. 
MAMMALS 
Seven mammals were recorded, 6 were bank voles and the seventh 
was a common shrew (Table A2.5). 
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Table A2.5 	Biometric measurements of the mammals recorded in 
heron food samples. 
Head+Body 









Bank Vole 105 50 18 12 26 
Bank Vole 	120 32 18 - 43 
Bank Vole 105 23 19 - 24 
Bank Vole 	105 26 20 - 15 
Bank Vole 110 24 20 - 29 
Bank Vole 26 17 - - 
Common Shrew 	67 - - - - 
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APPENDIX 3 




Arctic Charr Salvelinus alpinus 
Atlantic Salmon Salmo salar 
Black Goby Gobius niger 
Brook Lamprey Lampetra planeri 
Brown Trout Salmo trutta 
Butterfish Pholis gunnellus 
Channel Catfish Ictalurus punctatus 
Cod Gadus morhua 
Common Eel Anguilla anguilla 
Connemara Clingfish Lepadogaster candollei 
Corkwing Wrasse Crenilabrus melops 
Fifteen Spined Stickleback Spinachia spinachia 
Flounder Platichthys flesus 
Goidsinny Wrasse Ctenolabrus rupestris 
Greater Pipefish Sygnathus acus 
Herring Clupea Harengus 
Long Spined Sea Scorpion Taurulus bubalis 
Lumpsucker Cyclopterus lumpus 
Minnow Phoxinus phoxinus 
Painted Goby Pomatoschistus pictus 
Perch Perca fluviatilis 
Plaice Pleuronectes platessa 
Pogge Agonus cataphractus 
Pollock Pollachius pollachius 
Rainbow Trout Salmo gairdneri 
Roach Rutilus rutilus 
Saithe Pollachius virens 
Sand Eel Amiiadytes spp. 
Sand Goby Pomatoschistus minutus 




Small Headed Clingfish 
Sprat 
Three Spined Stickleback 














Ade lie Penguin 














































Corvus corone corvix 







Phalacrocorax at tivelis 
Troglodytes troglodytes 
Setophaga ruticilla 












































Knotted Wrack Ascophyllum nodo sum 
Toothed Wrack 
	
Fucus serratus 
